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Description 

TECHNICAL FIELD 



[0001] The present invention relates to an image display device by which an optical image signal based on image 
information is projected onto a display means to display an image, and a method for adjusting optical elements of in 
the image display device into alignment. 

Background of the Invention. 

BACKGROUND ART 

[0002] Fig. 1 is a diagrammatic representation of a conventional image display device. Reference numeral 1 denotes 
a luminous element for emitting light; 2 denotes a parabolic reflector for reflecting the light from the luminous element 
1 mostly into parallel rays of light; and 3 denotes a condenser lens for gathering the light reflected by the parabolic 
reflector 2. The luminous element 1 , the parabolic reflector 2 and the condenser lens 3 constitute an illumination light 
source system. 9 

[0003] Reference numeral 4 denotes a light valve for spatially intensity-modulating the light gathered by condenser 
lens 3 based on image information; 5 denotes a projecting optical lens for projecting the light intensity-modulated by 
the light valve 4 onto a screen 6; and 6 denotes the screen for displaying, as an image, the light projected thereon by 
the projecting optical lens 5. The arrows indicate optical paths. 
[0004] Next, the operation of the prior art example will be described below. 

[0005] Light emitted from the luminous element 1 is reflected by the parabolic reflector 2 and focused throuqh the 
condenser lens 3 onto the light valve 4. The light valve 4 spatially intensity-modulates the focused light based on image 
information. The intensity-modulated light is projected by the projecting optical lens 5 onto the screen 6 from behind 
(from the left-hand side in Fig. 1) and displayed thereon. A user of the image display device visually identifies the image 
from the front (from the right-hand side in Fig. 1 ). 

[0006] The depth dimension of the image display device of Fig. 1 corresponds to the distance from the illumination 
light source system composed of the luminous element 1, the parabolic reflector 2 and the condenser lens 3 to the 
screen 6. It is preferable to minimize the depth dimension of the image display device if the image size displayable is 
the same. For such a reason, the conventional image display device of Fig. 1 uses a wide-angle projecting optical lens 
5 to display an image on the screen so that the depth dimension of the display device is minimized to provide a flat 
device configuration. 

[0007] Since the projecting optical lens 5 has a limitation of increasing its angle of field, however, it is customary in 
the art, with a view to reducing the depth dimension of the image display device in Fig. 1 , to place a plane mirror at an 
angle of 45° to the horizontal to bend the optical path from the projecting optical lens 5, projecting an image onto the 
screen 6 as depicted in Fig. 2. 

[0008] In the image display device of Fig. 2, the illumination light source system, the light valve 4 and the projecting 
optical lens 5 are disposed in the direction of height of the device (in the vertical direction in Fig. 2) to reduce the depth 
d.mension of the device. The depth dimension of the image display device in this case corresponds to the distance 
from the plane mirror 7 to the screen 6. With the plane mirror 7 tilted more than 45° from the horizon, the depth dimension 
of the image display device can be further reduced; in this instance, however, the light valve 4 and the illumination light 
source system interfere with the projected light, and the light Is shaded or eclipsed accordingly, resulting in the light 
path getting out of the screen 6. 

[0009] In Japanese Patent Application Laid-Open Gazette 6-11 767 there is disclosed an image display device of the 
type wherein light is reflected by a convex mirror is used in place of the plane mirror 7 in Fig. 2 to display a magnified 
image on the screen 6, but the image displayed on the screen 6 is distorted. 

[0010] The conventional device configurations described above impose limitations on the reduction of the depth 
dimension of the device and permit no further reduction. 

[001 1 ] It is therefore an object of the present invention to provide an image display device that provides an enlarged 
display of distortion-free images and permits further reduction of its depth dimension than in the prior art 
[0012] Another object of the present invention is to provide a method of adjusting optical elements of the image 
display device into alignment. a 

DISCLOSURE OF THE INVENTION 

[001 3] An image display device of the present invention comprises projecting optical means composed of a reflectinq 
part for reflecting the optical image signal, and a refracting optical part for correcting a distortion if the reflecting part 
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^distortion and^^ 
dimension of the image display devi^ 

of light to be projected onto the display ™ eans . . the transm jt,j n g means comprises an illumination light 

[00171 in an image display providingpart for receiving the m- 

=roK°r«s 

mitting type optical light modulator. transmitting means comprises an illumination light 

[00201 ^^^^^*^^^tS^^S^» « - <,iS,^l • , 

SSTtSSS Wr of*. pre»=n, MM me -o«eo«»g pM oo. « ™.o«.o.», oyovno.lo "P"*"" 

St!! awv **. « p~«« "»-*»• """» «» ta, * ai " 9 18 ' °°" ve< """" " 

. S "To 2S5 ~, ,o,o«o. 0,000 ,«o p., io . ooovox o*oor .. o.g.,.0 

distortion. *k« r^fi^inn nart has a reflectinq surface that is formed 

[0031] In an image display device of the present invention, the reflecting part has a renecx ng 
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E ^J" 1396 diSP ' ay d6ViCe ° f the Present invent 'on. since the refracting optical part is provided with oosKive 
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increased image formation performance invent ion since the projecting optical means has an aspherical 

SSSSsSsssssssa 
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of field arid reduce the depth dimension of the image display device 

[0063] In an image display device of the present invention, since the retro-focus optical system is composed of two 
positive lens groups and one negative lens group, it is possible to suppress the occurrence of dilrtion and cu^e 
of field and reduce the depth dimension of the image display device o.stortion and curvature 

[0064] In an image display device of the present invention, since the retro-focus optical system is composed of two 

o» f eldlTX u e p r d on t : H egative lens group ' il is posslble to suppress the - £52 

of field and reduce the depth dimension of the image display device 

ffnTnLn ^h™ 9 * d " P !f y ^ ° Mhe preSent inVention ' "^-focus optical system is composed of one positive 

Lnd redul thf l"^ ' enS ?? Up ' * iS P ° SS,ble t0 su PP ress the oo^rence of distortion and cu^re of S 
and reduce the depth dimension of the image display device 

C ra J" ^nf diSP ! ay d , eViCe ° f thS Pres6nt invention ' * e ^o-focus optical system is composed of one positive 
lens group and one negative lens group, it fe possible to suppress the occurrence of distortion and curvature of Sd 
and reduce the depth dimension of the image display device curvature ot new 

hZZ . Sn ima9e , disp ' a y device of the P^sent invention, the refracting optical part comprises negative lenses 
S h aVera9e * ° f refraCtiVe indeX6S the range 0f 1 45 to 1 722 a " d having negative power and positive 
00681 3 a " K Vera9e Va ' Ue °' fefraCtiVe ind6X6S ,he range of 1 722 10 1 9 and having posiEve power 

eduS toTlZV" arran9a T nt ' * iS P ° SSib,e l ° Suppress the occurrence of distortion and curvature of fieid and 
reduce the depth dimension of the image display device. 

[0069] In an image display device of the present invention, the refracting optical part comprises neoative lenses 
S r aV6ra9e Va ' Ue ° f r6fraCth ' e ind6Xes in the range ° f 1 to 1 -722 and having negaT pow^and posZ 
007m w?h ^ K Vera9e Va ' Ue °' r6fraCtiVe ind6XeS in the range of 1 722 10 1 9 a " d bavins posiUve power 
EE th h Th 3 " arrangement ' 11 18 Possible to suppress the occurrence of distortion and curvature of field and 
reduce the depth dimension of the image display device. curvature or neia ana 

[0071] In an image display device of the present invention, the refracting optical part comprises negative lenses 
len^f h" aVera9e Va ' Ue ° f ^ indeX6S in the range of 1 45 10 1 722 and having negative power anS posZ 
007* Zh 9 a " r ra9e Va ' Ue ° f refra ° tiVe ind6XeS in the range of 1 722 10 1 9 a " d having posiflveTower 
E Z h Th- a " arranaemem - 11 is Possible to suppress the occurrence of distortion and curvature of field and 
reduce the depth dimension of the image display device. cuivdiure or rieia ana 

E a 80 imaQedis P' a y device «>f the present invention, the refracting optical part comprises negative lenses 
having an average value of refractive indexes in the range of 1 .46 to 1 .722 and having negative pow^r and positive 

00741 Zh r r era9e Va ' Ue °' refraCtK/e ind6XeS in the range of 1 722 10 1 9 and ^ving posiSJepower 
5S 1 ,h T th h arrangement ' * fe P os ^ble to suppress the occurrence of distortion and curvature of field and 
reduce the depth dimension of the image display device curvature or neia ana 

[0075] in an image display device of the present invention, the refracting optical part comprises negative lenses 
lens! 9 h" aVerage Va ' Ue ° f ^ ind6XeS in ,hS ra " 9e 0f 1 45 10 1 722 and having negative power and positive 
007tt w?h a " r rage Va,US ° f refraCtiVe indSXeS in the ran9e 0f 1 722 10 1 9 a nd having posLeTower 

eSuci the depTh C dimenZ g6 r nt ' " * * ^ ° f diSt0rti °" and curvat " e °f field and 

reauce tne aepth dimension of the image display device. 

£077] In an image display device of the present invention, the refracting optical part comprises negative lenses 
having an average value of Abbe's number in the range of 25 to 38 and having negative power and poslSve enses" 

ro3 a wT '''r 31 " 6 °' Abb6 * S nUmber the range of 38 10 60 and having posLe poweT P 

S th T^" arrangement ' il fe Possible to suppress the occurrence of distortion and curvature of field and 

reduce the depth dimension of the image display device ui vmure or neia ana 

E2 - ln an image , diSP 'f y deVi ° e ° f the Present invention ' the refractin 9 °P ,ical P a « comprises negative lenses 
n^ n 9 , «„ aVera9e ^ Ue ° " Umber in the ran9e of 25 10 38 and h^ing negative power, and positive enses 

2 wr' 39 ! * ° f Abb6 S nUmber in the ran9e of 38 10 60 and having posLe power. 
E2X th!? S th^ an arrangement - il 18 Possible to suppress the occurrence of distortion and curvature of field and 
reduce the depth dimension of the image display device. <-ui vmure or neia ana 

[0081] In an image display device of the present invention, the refracting optical part comprises neqative lenses 
having an average value of Abbe's number in the range of 25 to 38 and having negative power, and poslSe enses 
rooa 2 9 an aV h era9 t ValU6 °' Abbe ' s number in «he range of 38 to 60 and having posLe power ' 
eS th» h an arrangement ' il is Possible to suppress the occurrence of distortion and curvature of field and 
reduce the depth dimension of the image display device. 

KS J" a " ima9e displ fy device ° f tha Present invention, the refracting optical part comprises negative lenses 
hav ng an average value of Abbe's number in the range of 25 to 38 and having negative power and positive lenses' 
roo£? 'wT 89 : Va ' Ue ° f Abb6 ' S nUmb6r in ,h6 range 0f 38 10 60 and having posLe poweT ' * 

eo^I S th C H a " arran9emant ' " ' S P ° SSib,e t0 SUppress occurrence of distortion and curvature of field and 
reduce the depth dimension of the image display device. 
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[0086] With such an arrangement, it is possible to suppress tne occur. 

reduce the depth dimension of the image *^*J«* ref racti tical part comprises positive lenses made 

reduce the depth dimension of the image display dev.ee comprises positive lenses made 

reduce the depth dimension of the image display • d lev.ee ^ comprises positive lenses made 

reduce the depth dimension of the image display device . tica| art compr ises positive lenses made 

reduce the depth dimension of the image display device. comprises positive ienses made 

reduce the depth dimension of the image display ^evice fractj tica , part comprises positive lenses made 

reduce the depth dimension of the image display . tical part comprises positive lenses made 

reduce the depth dimension of the image display , rt comprises positive lenses made 

reduce the depth dimension of the image display lev.ee . tica| „ comprises positive lenses made 

reduce the depth dimension of the .mage display device mfradtina 0Dtica i part comprises positive lenses made 
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the refracting optical part. 

S^^^^ 0 ^ 10 •"*"» "» ^-er of the iens and minimi2e shading of iight, 

^ZSTZZC^^ 10 minimi2e ^ ° f »" - - wading of ,ight, 

5 nVithle L^^p^eT^ , ^■ S : nCe Pr ° jeCUn9 ° PtiCal meanS haS 

[01 1 2] Hence, the curvature of field can be reduced 

S n^atiJe pow^ov^ ^ the ^ ectin 9 — s has negative ienses 

[01 1 4] Hence, the curvature of field can be reduced 

pan as poMlbte «,»ho u l Una, colMelm it i patM>end,ng maw. lo Ih. relteotlno. 
a. poselble without int.teopting tlte^rali^iik»w*Ho?^ pamHbending means to the second lens means 

SnL . s 

as po.sibl. without?™^ 
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under - th e-sc r een portion w h ,,^ 

the screen. im «»n,ion since the longer one of the longest distance from a 

[0124] in an image display devce of the ; P 

reflecting part placement plane to the prtvtonc ^"J mea^an^me g ^ ^ ^ ^ rf ^ 

thescreen. «. t h.n««pnt invention since the longest distance from a reflecting part placement 

[0134] in an image display device of the present ""^"j ™ it is possible to dispose the refracting 

[01381 in an **■» «*• «t «• P~« tk pjiweto dSpos.O.. r«*l 
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rc*£ h V^ZJST r hi L e satisfying the constraint of ,he thickness iimi «"9 vrt». 

effects use of the spaSnsS^ C ° St ° f ,he image disp,ay device and P e ™« 

rr; a,ned by ^ f ~ ^s^^ts 1 ^^- equa,,y — 

formed small iZJ^tonSZL™ dSSL to ,mage f S ' 9nal t0 the dis P ,a V means > *• Meeting part can be 

mirror obtained by rotational tom ^St^SSX^^^ W ■ ^ f ™ — 

SS m lt3or^n^ dfe ^V ^ce further comprises a re- 

tc fix the retative position of the E2^E£T.h ,? 9 38 3 one -P iece stru <*"*. it is possible 

SniJm s sffsarir;; ima9e disp,ay device . ^ 

the image disp.ay devicT P " ° Pt ' Cal com P onents and h ^^e further stabilizing the performance oi 

paZeX'^ 

=SdTp~^ 

P " 5 i P r b rdCtr^ 
t=-d-cir- 

Sve p'owe" ^Z^uL'Z^Tu^T "T^ S ' nCe re ' raCtin9 «*" Part haS ^ "~ of 
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permitting reduction of the curvature of field. reD resent the height of the marginal ray of light 

£,153] In an image display device of the present mvenhon M ttng h. represent .me g ^ ^ 

Incident to the refracting optical part, hm the maximum height o f the man, na ay « a P ^ 
center of the refracting optical part and ho represen .the heigh 1 °'^ e * 3h i<ho<1hi. With such an arrange- 

optica. part, the refracting °P«-' ^ projecting optica, system and 

[0 P 155] With such an arrangement, it is poss ble to suppress he port* ^^ , | ^ d ^ ol t l B « > mWno 
SSr.nanimagedisp.aydeviceof.hepresentjnv^ 

!n an unused area around its optical axis but has h * h ^ characteristic of the 

formation performance. nmipctina ootical means has poor optical per- 

other than that around the optical axis. # , . . Hicnorcinn rharacteristic of the optical material for the 

portions from being curved. nmieetino oDtical means allows distortion in the 

[0163] In an image display device of the present invention since t . the n P ;° J ^ be US ed, rt is possible 

portions from being curved. . n . the Dro iectinq optical means limits the range of 

[0165] in an image display device of the present ,nvent.on since P ree js . |b|e 
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Satlono n f So,S 8y rf deViCe ° f th t Pr6Sent inVenti ° n ' Since ,he pr °J ecti "9 °P« cal ™^ '™ts the range of 

ssrysisr a ™ 96d side by side - no overiappin9 ° f pictures ° r °< * pussies 

of the dispS ifeens 9 * " 0 0Ver} ^ 01 «r *P™"9 of a picture oocurs at the joints 
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is possible to correct for distortion throughout the ^.^^^^^ mirror for reflectiri g the light from the pro- 
k possible t» oor.aol lor di.todipn throughout the MJI I** „. , M |ral , ,„. pro . 
k possible 10 oprredt for dietddiop throughout the m»g. idiaplay , he , M , rom , he p „. 
s possible to correct for distortion throughout the j^age display device^ ^ ^ 

ip possible to oorreol to, diatodion throughout the mge idUj l^*"* „ We „ s „t u. tho pro- 

S pXI 13 ZS&ZXZZSSi =^«or,.n o, tho pro,e«,n S oplloe, -deed., . 
k possible to cornet to distortion throughoul 0. im.oo idfcpk. ^ ,„,, „ ghI tom p „. 

s possible t. oeeeet lo, dletodtoh throughout tie. i leege di.p »V «~ opto,! pad pea a eopelreotlon In -high an 
,01») in en irn.go display to*, ol M ^-"d" SSSSSTLJlWI M ««»-' •* » «"« W" 

environmental characteristics of the image display dev.ce Dart has a planar low-reflectivity surface 

[0189] In an image display device of the present invention, the ret ^'^ ^ ^^^ . lanar hign . r eflect.v.ty 

image display device. . oB)lnn t hP transmittino means is provided with a cover glass for 

[0191] in an image display device of the present '^ 0 "^^2JS52rt an optical thickness that decreases 
protecting an image information light emitting surface , £ compea sator gfcss or °P transmit ting means 

or increases as a change in the optica, th-ckness of S'ass and the compensator glass. 

^gT^r^^^ 

the cover glass. inUDn tion the imaoe display device further comprises a bottom 

[0194] in an image display dev.ce of the present ,m ™*™'™.™^°** ; urface of the display means, and an 
perpendicular to the reflecting surface of the plane m.rror anc hehght rec e.v "9^? the base of a square image 
optica, component is disposed a space defined ^^^J^^^^i point on the plane mirror to 
displayed on the display means and the farthest from *e cente the .mage a sec P 

which light toward the first point *«^ r m ^^J^S^SXS^L normal to the bottom; a 
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projected I point by projecting , he third point from the direction norma, to the bottom. 

[0196] In an image display device of the Dresent im/Pntinn th*^™-^ "»pi«y means. 

rS 7 hiS perTnits ' urther reduction °f the height of the under-the-screen portion. 
[0208] This ensures pivotal securing of the first screwing part 
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[ZTCTZT^:^ is possi b .e to prevent deformation of the renting part -d disp.acementof to 
optical axTby thermal expansion/contraction due to a temperature change; according the opt.ca. performance of 

serines fixed afone end to the Reflecting part on both sides of the protrusion, for biasing the reflectmg part; a second 

^St^iSo^nott-r side "the rectangular front configuration and s.idabfy held on 

part mountJng mechanism; and a third screwing part provided still another side of the rectangular front conf .gurat.on 

Optica. ^^™«ton^«ion due to a temperature change; accordingly, the optica, performance of 

S one end tTZ ?ef.Sg "part on both sLa of the first screwing part and at the other end to a common pent, for 
S5? 1 Wi^an^angement, when the image display device is placed upside 

trate on the first screwing part can be distributed to the springs. This provides .ncreased rehab,.,* of the firs screw.ng 

ra£n in an image display device of the present invention, since the first, second and third screwing parts .hole I the 
Sing part Z its refSJlng front surface in contact with the first, second and third ref.ect.ng part mount.ng mech- 
anisms the reflecting surface of the reflecting part can be positioned with h.gh preas.on. 

roTiq ' n an mage 9 disp.ay device of the present invention, the image display device further compr.es^o sHd ng 
suDDorts mounted on the retaining mechanism, for slidably supporting all or some of lenses of ^'^^nd 
Z a fLTmounting plate disposed between the two sliding support and fixed to the retainmg mechanism a second 
Sntin^Sfeposed between the two sliding supports and fixed to the lower ends of al or some of the lenses £ 
Se re actfng optical part; and a piezoelectric element held 

or S Z the direction of the optical axis of the refracting optica, part as a control voltage apphed to the p.ezo- 
SSf V^T^X^ssM to make focus adjustments to dea. with defocusing due to a temper- 

rMlsr^nimage display device of the present invention, the image display device further comprises a gear rnech- 
Ssupported on a gear support provided on the retaining mechanism, for moving the ^-ng part, or al. or some 
of lenses of the refracting optical part in the direction of the optical axis of the refract.ng opt cal part. 
Iu219] With "such an arrangement, it is possible to make focus adjustments to deal w,th defocus.ng due to a temper- 

SrraTimage display device of the present .nventlon. since the image display device further = ^ 

coole fo heating/cooling at least one of the refracting optica, part held on the ^tam.ng mechanism a the retam ng 

mechanism, it is possib.e, by suppressing temperature gradients, to make focus adjustment to deal wrth defocus.ng 

Srfo^ 

temperat ?e of the retaining mechanism; and a contro. unit for controlling at least one 

gear mechanism and the heater/cooler according to a focus-compensat.on amount calculated from the lens barrel 

rSSrin an imaoe display device of the present invention, the image display device further comprises: a temperature 
enso fo sens7ng 9 afenvimnmenta. temperature; and a control un* for controlling at .east one of t e P-°e.ec^c 
efemen the gear mechanism and the heater/cooler according to a focus-compensat.on amount ca ^"leted by add.ng 
tne envtonmS temperature to a linear interpo.ation equation der^ed from at least two drfferent focus adjustment 

p£q Hence, it is possible to establish a one-to-one correspondence between environmental temperatures and 
l^t^ invention, the image display devfce further comprises: a CCD for 
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delecting focus information from light tc be incident to a non-image-display area of the display means; and a control 

Z Z it 7 « a t K T ° f piezoelectric e,eme "t. 9™ mechanism and the heater/coo.er according to 
the result of analysis of the focus information. "«uin H iu 

Satio^" 06 ' f ° CUS ^ adjUS,ed b8Sed direCt ' y 00 de,ocusina without usi "9 temperature or similarsecondary 
K 71 J" ? " ' ma9e fl displa y device of the P resent in^ntion, since the image display device further comprises a min- 
T^l^TJZ^l r ,0 'r 6 CCD " 9ht 10 be inCWent 10 the "on-image-display area of the dispfay means tt 

to Z^£™ZJ£ CUS rma,,on even if the cabinet 0f the ima9e disp,ay device is placed in c,osest proximi * 

SSL r" a " ^f,?^^ 6 ° f ,he Present inventi0 ". sinc « the <=°ntrol unit regards the intensity distribution of 
to JSL^Th I , Pk 1 f ° CUS in,omlation - ana| y zes a value of the focus information and effects contro 
to increase the peak value, the focus can be adjusted based directly on defocusing 

ESt r'" "HTJ^l d ^ iCe ° f ,he PreSem inVenti0n ' Since tne contro1 unit re 9 ards the intensity distribution of 
and 2£ f by the CCD as focus information, analyzes the width of a predetermined level of the focus information 

defocuS ^ W ' dth ° f Predetermined ,evel ' the focus can ° e ad J ust ed based directly oS 

S, a " im !? e , diSp,ay dGV i Ce ° f ,he present inventi °". since the control unit regards the intensity distribution of 
IffeS IZZn " ?k° " ° CUS inf0rmati °"- analvzes the inclination of a shoulder of the focus information and 
effects control to increase the inchnation, the focus can be adjusted based directly on defocusing 
[0231] In an image display device of the present invention, the retaining mechanism is provided with a plurality of 
supports or supporting the refracting optical part and the reflecting part, the plurality of supports having the sle 
product of their height and coefficient of linear expansion. 9 

£oof! T 6 " 06 ' a fe P ° SSib,e t0 preVSnt the 0ptical axis from displacement in the perpendicular direction 
[0233] in an rmage display device of the present invention, since the reflecting part has a high- or low-reflectivity 
surface, or a reflectmg protrusion or reflecting recess that is high-reflectivity overthe entire area of its reflecting surface 
the optical system components can easily be adjusted into alignment with each other 

[0234] in an image display device of the present invention, since the reflecting part has a lens layer covering its front 

*^:?c«:z7itzr aB si9nai - * is poss,bie to increase the ™ m » * «- ~ 

[0235] In an image display device of the present invention, the image display device comprising: a cabinet front 
port on provided on the bottom of a cabinet and having display means; a cabinet rear portion provided on the bottom 

fron,3inn H i T' f &>antm9 Bnd Slan ^ SUrfaCe P rovided be tween the cab!S 

front portion and the cabinet rear portion and defining a housing space together with the bottom. The left- and right- 

t" SU rt rfaC6S ' eave left " and ri 9 M -hand parallel surfaces parallel to the display means on the back of the 
portion P ° Perpendicular surface perpendicular to the display means on both side of the cabinet rear 

EL n.™ SUCh an n rra t K 9 ,f m . ent ' * i£ P ° SSible t0 aSSemble a plura,ity imaae displa y device '"to a one-piece structure 
with high precision and with high efficiency. 

S a LTJTf 96 d l SP ' ay deViCS ° f thS Pr6Sent inventi0n ' tne imaae displav device ,urth er comprises a connector 
hav.ng a f. st end face for connection with either one of the left- and right-hand parallel surfaces, a second end face 

^ZnZ° T ?! Pedicular surfaces on the same side of said either one of the paSel surfaS 

anothercon^Sor ^ ^ connection surtace is C0U P' ed "> a connection face of 

[0238] As is the case with assembling image display devices housed in box-shaped cabinets, it is possible, therefore 

U239, em ,n an ^STf?" tT* * ^ h * h precisi ° n and ^ «E£T 

[0239] m an image display device of the present invention, the connector has the same height as that of the image 

TeZtoe^nLlr 8 '** perpendicu,ar t0 the ^ a "d second end Taces, for conne^nto 

[0240] Hence, image display devices can be placed one on the above 

[0241] In an image display device of the present invention, since air and heat are discharged or cables are extended 

«LVXT T 9 * left - and ri9ht - hand S ' antin 9 SUrfaceS ' the ima 9 e disp ' a V d -ice can be pfaced in 

close with the wall of a room, for instance. 

[0242] In an image display device of the present invention, a method of adjustment for correct alignment comprises 
iTtXE f PP y '° 9 : aCt : linearlv P'oPssating light to a reflecting part and adjusting the attitude of the reflecting part 
n^™,?* ^'T I Sa ', d ractilinesr| y P^Pagating light for incidence to a high-reflectivity surface of the reflecting 
ffnml ' nCOm ' n9 P ath °[ the rectilinearly propagating light reflected by the high-reflectivity surface come into 
I™ r T , ^ aPPlyin9 ,he rectilinear| y P^agating light on the outgoing path to the high-reflectivity 
surface of the reflecting part through the refracting optical part, emitting from the refracting optical part the rectilinear? 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0250] 



Fig. 1 is a diagram showing the configuration of a conventional image display device. 
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Fig. 2 is a diagram showing the configuration of another conventional image display device using a plane mirror 
present invenSr 9 C ° nfi9Ura,i ° n ° f " ^ ^accoLg to a first embodiment oHne 

^i d srzr;t n " 8 how a barrei distortion ° f a refracting ° pticai iens ■* 

oLV S J di T m COncep,ua,| y de P ictin 9 a met "°d by which an image, reflected through a aplanatic refractinq 
optical lens or by a convex or plane mirror, is detected through ray tracing retracting 

a'lZeS™* 1ST 9 C ° nfi9Urati0n ° f a " image dis P^ devi ~ -cording to the firs, embodiment in which 

Z preJSZoT^ 9 ^ C ° nfi9Urati0n ° f an imaae dis P |a * d -ice according to a second embodiment of 

Fig. 8 is an enlarged diagram showing a convex mirror and a Fresnel mirror. 

Fig. 9 ,s a diagram for comparison of distortions of the convex mirror and the Fresnel mirror. 

p?esentTnvembn am dePiC,i " 9 *° C ° nfi9Urati0n 0f an imaae dis P'*V d ^ce according to a thi* embodiment of the 

Fig. 11 is a magnified view of an optical element. 

Fig. 12 is a diagram depicting incident paths in the optical element 

direction 5 ' ^ by * SUrfaCe in the °P tical e,ement are developed in one 

Fig. 14 is a magnified view of the optical element 

the preset ST'" 9 COnfiguratton ° f a " "™8« *P* device acceding to a fourth embodiment of 
oHhlU S sentTn^mio d n ePiCtin9 C ° nfigUrati ° n ° f an image *P* d6V - «-ording to the fourth embodiment 
S^fiS?*^ C ° nfiguration of an imaae dis P' a V **» wording to the fourth embodiment of 
thtpreient tvention dePiCtin9 ^ C ° nfi9Uratl ° n ° f an ima 9 e dis P la V **• according to the fourth embodiment of 
SsenUnve'nSr dePiCt ' n9 ** C ° n,igUration of an ima 9 e dis P |a V according to a fifth embodiment of the 

number' * ^ P °" m °' P ° SitiV6 a " d negatiVe lenSeS chanae relative t0 *. rate of their Abbe's 

So Vo i 8 diagram ^ or e *P'*™9 ^ under curvature of field that occurs in an aspherical convex mirror 
present V£ST eP,CU " 9 C ° nfigUrati °" ° f an ^ ^ d -ce according to a sixth embTment of the 

2d dfvw 9 ^ ShOWi " 9 0386 Wh6re aSPhenCa ' ' enSeS ^ diSp0S6d at P' aces wnere «»■ - -"vergent 
Fig. 24 is a table showing an example of results of numerical calculations of Fig 23 

the pres S enttentl dePiCtin9 ** C ° nf igUrati0n 0f an image disp,a y «^rd.ng to a seventh embodiment of 

Fig. 26 is a diagram for explaining an effect of the image display device of Fig 25 
Fig. 27 is a d.agram for explaining another effect of the image display device of Fig 25 

«hTp 2 re S en a t d n a veZn dePirtin9 *' C ° nfigUration ° f an image disp,a V according to an eighth embodiment of 

Fig. 29 is a diagram depicting a retro-focus optical system. 

Fig. 30 is a table showing numeric data of Numerical Value Example 8A 

Fig. 31 is a diagram depicting a configuration based on Numerical Value Example 8A 

Fig. 32 is a table showing numeric data of Numerical Value Example 8B 

Fig. 33 is a diagram depicting a configuration based on Numerical Value Example 8B 

Hg. 34 is a table showing numeric data of Numerical Value Example 8C 

Fig. 35 is a diagram depicting a configuration based on Numerical Value Example 8C 

hig. 36 is a table showing numeric data of Numerical Value Example 4A 

Fig. 37 is a diagram depicting a configuration based on Numerical Value Example 4A 

Fig. 38 is a table showing numeric data of Numerical Value Example 4B 

Fig. 39 is a diagram depicting a configuration based on Numerical Value Example 4B 

Fig. 40 is a table showing numeric data of Numerical Value Example 7A 

Fig. 41 is a diagram depicting a configuration based on Numerical Value Example 7A 

Fig. 42 is a d,agram showing the relationships between a back focal length, an entrance-pupil position and a 
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refracting optical lens. , . 

Fig. 43 is a diagram depicting the configuration of an image display device according to a ninth embod.ment of 

the present invention. 

Fiq 44 is a diagram for explaining the condition for placement of a path-bending reflector. 

Fig. 45 is a diagram depicting a retaining mechanism for holding a refracting optical lens, a path-bending reflector 

and a convex mirror. 

Fiq 46 is a diagram for explaining the condition for placement of a path-bending reflector. 

Fig. 47 is a diagram depicting the configuration of an image display device according to an 11th embodiment of 

the present invention. 

Fig. 48 is a table showing numeric data of Numerical Value Example 11 A of an 11th embod.ment of the present 
invention. 

Fig 49 is a diagram depicting an image formation in an ordinary optical system. 

Fig 50 is a diagram depicting an example of an optical system in which a curvature of field occurs. 

Fig. 51 is a diagram depicting the configuration of an image display device according to a 13th embodiment of the 

present invention. 4L . , ... 

Fig. 52 is a diagram depicting the configuration of an image display device according to a 1 4th embodiment of the 

present invention. . . 

Fig. 53 is a diagram depicting an image display device assembly composed of a plurality of .mage d.splay dev.ces. 

Fig. 54 is a table showing numeric data of Numerical Value Example 14A. 

Fiq 55 is a diagram depicting a configuration based on Numerical Value Example 1 4A. 

Fiq 56 is a graph showing the results of numerical calculations of distortion in Numerical Value Example 14A. 

Fig 57 is a oraph showing the results of numerical calculations of distortion in Numerical Value Example 4A. 

Fig. 58 is a diagram depicting the configuration of an image display device according to a 1 5th embod.ment of the 

present invention. 

Fig. 59 is a diagram for explaining a configuration change of the convex mirror in its thickwise direction with respect 
to a temperature change. 

Fiq 60 is a diagram showing a alignment-adjusting method using a convex mirror. 

Fig. 61 is a diagram depicting the configuration of an image display device according to a 1 6th embodiment of the 

present invention. „. • 

Fig. 62 is a diagram showing the relationship between the thicknesses of a cover glass and a compensator glass. 
Fig. 63 is a table showing numeric data of Numerical Value Example 16 A. 
Fig 64 is a diagram depicting a configuration based on Numerical Value Example 16A. 

Fig. 65 is a diagram illustrating the configuration of an image display device using a plane mirror and a patn- 

Rg" Vb^Sgmm depicting the configuration of an image display device according to a 1 7th embodiment of the 
present invention. 

Fig. 67 includes diagrams showing in cross-section the image display device along the lines A-A and 3-D per- 
pendicular to the screen respectively. 

Fig. 68 is a diagram depicting an illumination light source system with its optical axis tilting. 
Fig. 69 is a diagram showing various usages of the image display device. 

Fig. 70 is a diagram depicting the configuration of an image display device according to a 1 7th embodiment of the 

present invention. . . . #u . .. 

Fig. 71 is a diagram depicting an adjustment table having made therein a hole for receiving a third path-bending 

reflector 

Fig. 72 is a diagram depicting the configuration of an aspherical convex mirror for use in an image display device 
according to an 18th embodiment of the present invention. 

Fig. 73 is a diagram for explaining the operation of a convex mirror that thermally expands due to a temperature 

Fig an 74 is a diagram for explaining a displacement A(6) of the optical axis of the convex mirror when it turns an 

angle e about a first screwing part spaced an eccentric distance EXC apart from the optical axis. 

Fig. 75 is a diagram depicting modified structures of the convex mirror adopting measures against temperature 

F?^76 tea diagram depicting another modified structure of the convex mirror for use in an image display device 
that is used upside down. 

Fig. 77 is a diagram depicting the configuration of an image display device according to a 19th embodiment of the 

present invention. . . 

Fig. 78 is a diagram depicting the configuration of a modified form of the image display device according to the 

1 9th embodiment of the present invention. 
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Fig. 79 is a diagram depicting the configuration of another modified form of the image display device according to 
the 1 9th embodiment of the present invention. 

Figs. 80 includes graphs showing how to analyze focus information by a control unit. 

Fig. 81 is a diagram depicting the configuration of another modified form of the image display device according to 
the 1 9th embodiment of the present invention. 

Fig. 82 is a diagram showing an example of a method for compensating for defocusing by shifting some of lenses 
forming a refracting optical lens. 

Fig. 83 is a diagram depicting the configuration of another modified form of the image display device according to 
the 1 9th embodiment of the present invention. 

Fig. 84 is a diagram depicting the configuration of a convex mirror for use in the image display device according 
to a 20th embodiment of the present invention. 

Fig. 85 is a flowchart showing an alignment-adjusting procedure according to the 20th embodiment of the present 
invention. 

Fig. 86 is a diagram how optical system components are sequentially arranged by the alignment-adjusting method. 
Fig. 87 is a diagram how optical system components are sequentially arranged by the alignment-adjusting method. 
Fig. 88 is a diagram how optical system components are sequentially arranged by the alignment-adjusting method. 
Fig. 89 is a diagram how optical system components are sequentially arranged by the alignment-adjusting method. 
Fig. 90 is a diagram how optical system components are sequentially arranged by the alignment-adjusting method. 
Fig. 91 is a diagram depicting the configuration of an image display device according to the 21st embodiment of 
the present invention. 

Fig. 92 is a diagram showing appearance of the image display device of each embodiment housed in a conventional 
cabinet. 

Fig. 93 is a diagram showing appearance of a cabinet for the image display device according to a 22nd embodiment 
of the present invention. 

Fig. 94 is a diagram showing the case where two image display devices are assembled into a one-piece structure. 
Fig. 95 is a diagram showing how the two image display devices are assembled into a one-piece structure. 
Fig. 96 is a diagram showing the case where four image display devices assembled into a one-piece structure. 

BEST MODE FOR CURRYING OUT THE INVENTION 

EMBODIMENT 1 

[0251] Hereinafter, Preferred embodiments of the present invention will be described in detail with reference to the 
attached drawings. 

[0252] Fig. 3 schematically illustrates the configuration of an image display device according to a first embodiment 
(Embodiment 1) of the present invention. In Fig. 3, reference numeral 11 denotes a luminous element that emits light 
(illumination light); 12 denotes a parabolic reflector for reflecting the light from the luminous element 11 mostly into 
parallel rays of light; and 13 denotes a condenser lens for gathering the rays of light reflected by the parabolic reflector 
12. The luminous element 11 , the parabolic reflector 12 and the condenser lens 13 constitute a illumination light source 
system (sending means, illumination light source part). 

[0253] In Fig. 3 reference numeral 1 4 denotes a micro-mirror device (sending means, a reflecting image information 
imparting part, digital micro-mirror device (DMD), a registered trademark of Texas Instruments Incorporated (Tl)) that 
is a reflecting spatial light modulator. The micro-mirror device 14 spatially intensity-modulates the light gathered by the 
condenser lens 13 and reflects intensity-modulated light as an optical image signal containing image information. While 
the present invention is applicable to image display devices equipped with any kinds of spatial light modulators, the 
invention will hereinafter be described to use the micro-mirror device 1 4. Reference numeral 15 denotes a refracting 
optical lens (a refracting optical part) having a barrel distortion (compensating aberration); 1 6 denotes a convex mirror 
(a reflecting part) having a pincushion distortion; and 1 7 denotes a projecting optical system (projecting optical means) 
composed of the refracting optical lensl 5 and the convex mirror 1 6. The projecting optical system 1 7 projects onto the 
screen 18 the light spatially intensity-modulated by the micro-mirror device 14; the light intensity-modulated by the 
micro-mirror device 14 is projected by the refracting optical lens 15 onto the convex mirror 16. The reflecting surface 
of the convex mirror 16 has a negative power, and throws a magnified image of the incident light onto a screen 18. 
Reference numeral 18 denotes the screen (display means) that receives the light projected from the projecting optical 
system 1 7 and displays the image. The optical paths indicated by the arrows. 

[0254] In this embodiment, the reflecting surface of the micrc-mirror device 14 and the light receiving surface of the 
screen 1 8 are disposed in parallel to minimize the depth dimension of the image display device. And, in order to prevent 
shading of light, the micro-mirror device 14 and the screen 18 are displaced from each other in the vertical direction, 
that is, they are staggered. Further, the projecting optical system 17 is so placed as to satisfy the above-mentioned 
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positional relationship between the micro-mirror device 14 and the screen 18 and maintain the conjugate relationship 
between the image of the micro-mirror device 14 and the image on the screen 18. 
r02551 Next the operation of this embodiment will be described below. 

0256 The light emanating from the luminous element 11 is reflected by the parabolic reflector 12, and impinges 
aslant on the reflecting surface of the micro-mirror device 14 through the condenser lens 13. The micro-mirror dev.ce 
1 4 soatiallv intensity-modulates the incident light based on image Information, thus intensity-modulated l.ght is projected 
by the projecting optical system 17 onto the screen 18 to display thereon an image. The user of the image d.splay 
device visually identifies the image from the left-hand side of the screen 18 in Fig. 3. 

[0257] A description will be given of the micro-mirror device 14. , < B „ «„, , ar<5 

0258 The micro-mirror device 1 4 has a reflecting surface formed by a two-dimensional arrays of 1 6 urn square 
micro mirrors with a 17 urn pitch, and the small mirrors usually have a one-to-one correspondence with image formats. 
For example, by a voltage from a controller (not shown). It is possible to change the inclination of each micro mirror 
and hence change the direction of light that is reflected off the micro mirror. 

T02591 That is in the case of projecting reflected light fiom a certain micro mirror onto the screen 1 8, the inclination 
of the micro mirror concerned is changed so that it reflects light toward the aperture of the projecting °£caUys tern 
1 7 In the case of avoiding the projection of reflected light from a certain micro mirror onto the screen 1 8, the inclination 
of the micro mirror concerned is controlled so that light is reflected to the outside of the aperture of the projecting optical 
system 17. Since the time for changing the inclination of each micro mirror is 10 usee or less, the m.cro-m.rror device 
14 is capable of intensity modulating light at high speed. .^..lotinn 
[02601 Since the micro-mirror device 1 4 is a reflecting type spatial light modulator, it ,s capable of intensity-nnodulat ng 
ioht incident thereon obliquely to its reflecting surface. For example, in the case of using liquid crystal as the spatial 
light modulator, light needs to be launched into the liquid crystal from behind substantially at right angles hereto; taking 
into consideration that the thickness reduction of the image display device is limited by JHumination l.gh source 
disposed behind the liquid crystal, the effectiveness of the micro-mirror device 14 will be understood. Wrth the use of 
the micro-mirror device 14 as in this embodiment, it is possible to dispose the illumination light source between the 
spatial light modulator and the convex mirror 1 6 on the side to which the micro-mirror device 1 4 emrts light. Thte allows 
effecfive use of the space in the direction of the height of the image display device, preventing the illum.nat.on l.ght 
source system from jutting out. 

K>2611 Next the projecting optical system 17 will be described below. 

0262] The light intensity-modulated by the micro-mirror device 1 4 is reflected to the projecting optical system 17. 
As depicted in Fig. 3, the optical axis of the refracting optical lens 15 is perpendicular to the reflecting surface of the 
n^cro-Eor dev'e 14 and the light receiving surface of the screen 18 and is set off the center of the ".cm-mirror 
device 1 4 and the center of the screen 1 8. Accordingly, only one part of the field angle of the refractmg opt.cal lens 15 
is used to project the light from the micro-mirror device 14. In Fig. 3, since the light is incident on the refracting opt.cal 
lens 1 5 diagonally from below, the light is emitted diagonally upward. „„ m 
f02631 Fig 4 is a diagram for conceptually explaining how a barrel distortion of the refracting opt.cal lens 15 com- 
pensates for a pincushion distortion of the convex mirror 16. As depicted in Fig. 4, the refracting optical lens 15 .s so 
designed as to have a barrel distortion. When light of a grid-like image (Fig. 4(a))is projected °n>o »c^ o^ 
lens 15 from the micro-mirror device 14, the grid-like image is transformed to a barrel shape (Fig. 4(b» ThK ba rel 
distortion is a feature of correcting the pincushion distortion (Fig. 4(c)) that occurs in the convex mirror 1 6. The refracting 
optical lens 15 is designed based on the pincushion distortion of the convex mirror 16. 

102641 Consequently, when the light corrected for distortion is projected onto the screen 18, an enlarged grid-like 
mage (Fig 4(d)) is displayed without distortion. In general, distortion of an image that occurs in the optical system can 
rcorrecL for by signal processing, but since the definition of the image is deteriorated, thte embodiment opfcally 
corrects for the distortion. 

r02651 Now, the pincushion distortion of the convex mirror 16 will be described. 

r02661 Fig 5 is a diagram conceptually showing how to calculate, by ray tracing, an image when the light from the 
micro-mirror device 14 is reflected by the convex mirror 16 or plane mirror 21 through an aplanatic refracting optical 
lens 19. In Fig. 5, the solid lines indicate the optical path reflected by the plane mirror 21 and the broken lines the 
oDtical Dath reflected by the convex mirror. , 
[02671 When micro-mirror device 14 emits light having a grid-like image (Fig. 5(a)), the light having passed hrough 
the aplanatic refracting optical lens 19 is not distorted (Fig. 5(b)). Accordingly, when the light havmg passed through 
the aplanatic refracting optical lens 1 9 is reflected by the plane mirror 21 , black dots are found to be arranged at equal 
intervals on a plane A-A' perpendicular to the optical axis 20 of the refracting optical lens 1 9 (Fig. 6 d». That .s n he 
case of the projecting optical system composed of the aplanatic refracting optical lens 19 and the plane mirror 21 . the 
grid-like image undergoes no distortion while remaining intact. roflo w 0 H 
[02681 On the other hand, when the light having passed through the aplanatic refractmg opt.cal ens 19 is reflected 
by the convex mirror 16. pincushion distortion occurs on the plane A-A' as indicated by white dots (Fig. 5(c)) because 
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the position of reflection on the reflecting surface of the convex mirror 16 in the direction of its optic, txis differs for 
each optical path. Since the pincushion distortion can be calculated by ray tracing once the shape of f convex mirror 
r n -,L« erm ' ned ' the ca,culation result can be use «i to design the distortion of the refracting optical „ t 1 5 in Fig 3 
[0269] S.nce the refracting optical lens 1 5 is used to provide the barrel distortion that compensates to. t he pincushion 
distortion of the convex mirror 1 6 as described above, it is possible to display a magnified distortion-fn , image on the 
screen 1 8 placed at such a position as to provide a flat device configuration. 

[0270] Incidentally, the convex mirror 1 6 can easily be manufactured through mirror-finish lathing f 'c rming its re- 
flecting surface as a rotational aspherical surface that Is obtainable by rotating a quadratic curve about an axis This 
permits substantial reduction of the manufacturing costs. The convex mirror 16 can be designed tree's according to 
the specifications of the image display device, and at any rate the refracting optical lens 15 needs only tc be designed 
which has the barrel distortion that compensates for the pincushion distortion of the convex mirror 1 t 
[0271] Further, the prior art requires such optical path bending means as the plane mirror 7 in Fig. I in addition to 
the projecting optical system 17. but in this embodiment part of the projecting optical system functi. ,s to bend the 
optical path. This decreases the n umber of optical parts used and hence reduces the distance betwer 1 he screen 1 8 
and the convex mirror 16 accordingly. 

[0272] When the illumination light source system greatly protrudes widthwise thereof as depicted in Fig 6 a plane 
mirror 22 for reflecting the light from the projecting optical system 1 7 is added to bend the optical pa" to the screen 
18, by which it is possible to make utmost use of the space of the image display device. Incidentally, ire plane mirror 
22 and the projecting optical system 1 7 may be interchanged, and the plane mirror 22 may be replaced v ith a projectinq 
optical system other than that 17. h'"jw»"h 

[0273] As described above, the image display device according to this embodiment comprises: sendir c means com- 
posed of the illumination light source system and the micro-minor device 14, for emitting an optical image signal in- 
tensity-modulated based on image information; the screen 1 8 for receiving the optical image signal anr displaying an 
image based on the image information; the convex mirror 16 having a negative power, for reflectinc the intensity- 
modulated light onto the screen 18; and the refracting optical lens 15 having the barrel distortion that compensates for 
the pincushion distortion of the convex mirror 1 6 and so disposed as to project the light from the send'- c means onto 
the convex mirror 16. It is therefore possible to compensate for the pincushion distortion of the intensity-modulated 
hght by the convex mirror 16 and provide an enlarged display of the image on the screen 18. And the screen 18 can 
be placed at the position optimal for reduction of the depth dimension of the image display device. Accordingly the 
image display device according to this embodiment is smaller in its depth dimension than the prior art 
[0274] Moreover, according to this embodiment, since the sending means is formed by the illuminat c n light source 
composed of the luminous element 11 , the parabolic reflector 12 and the condenser lens 13 and the micr, -mirror device 
14 for modulating the light from the illumination light source system based on image information and re< , cting the light 
the illumination light source system can be disposed at the side to which the micro-mirror device 14 reflects the intensity- 
modulated light. This also permits further reduction of the depth dimension of the device. 

[0275] Besides, according to this embodiment, since the light reflected by the micro-mirror device 1 a is reflected by 
the projecting optical system 1 7 onto the screen 1 8, there is no need for using an optical part for bene Ing the optical 
path to the screen 1 8. This decreases the number of optical parts used and reduce the distance betwe 6n the screen 
18 and the convex mirror 16. 

[0276] Additionally, according to this embodiment, since the convex mirror 1 6 has a rotational asphe • ical surface it 
can eas.ly be manufactured by mirror-finish lathing. This permits substantial reduction of manufacturing costs. ' 

EMBODIMENT 2 

[0277] While in Embodiment 1 the projecting optical system 1 7 is comprised of the refracting optical le- ns 15 of barrel 
distortion and the convex mirror 16 of pincushion distortion, this embodiment (Embodiment 2) formr the projectinq 
optical system by a Fresnel mirror capable of magnifying an image with a short projection distance as is the case with 
the convex mirror and having no distortion. 

[0278] Fig. 7 is a diagram schematically depicting the configuration of an image display device according to Embod- 
iment 2. In Fig. 7 reference numeral 23 denotes an aplanatic refracting lens (a refracting optical par. : 24 denotes a 
Fresnel mirror (a reflecting part) for reflecting light from the refracting optical lens 23 onto the screen 1 8- end 25 denotes 
a projecting ophcal system (projecting optical means) composed of the refracting optical lens 23 and th Fresnel mirror 
24. As .s the case with the convex mirror 16, the reflecting surface of the Fresnel mirror 24 has negative power For 
brevity sake, no illumination light source system is shown. 

[0279] Fig. 8 is a magnified view of the Fresnel mirror 24. In Fig. 8 there is also similarly shown tr„ convex mirror 
16 in Embodiment 1 . As depicted in Fig. 8, the reflecting surface of the Fresnel mirror has a periodic s-ucture whose 
sechons are identical in inclination with the corresponding sections of the reflecting surface of the cc- vex mirror 16 
As will be seen from Fig. 8, the Fresnel mirror 24 is thinner than the convex mirror 16. 
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r0280] Fig 9. is a diagram for explaininc the difference in distortion between the convex mirror 16 and the , Fresnel 
mfrfor 24 As described previously in connection with Embodiment 1 , the optical paths (ind.cated by the broken lines 
m F ig Sin wh^hTgS-Hke image (Fig. 9(a)) from the micro-mirror device 14 or ap.anatic refracting optical lens 23 is 
pfSed bVthe convex mirror 16 undergo F incushion distortion (Fig. 9(c), white dots) on the sect.on plane A-A per- 
e S of the refracting optica, lens 23 due to a different position of reflection in eac .optica, 
□at Sf s attributable to the convex refecting surface configuration. On the other hand, .n the ^case of _us^g the 
Prlsne I mirror 24 no distortion occurs (Fic . -(d), block dots) as is the case with the plane mirror 21 in Fig. 5 because 
ISS^AESSi?*. direction of the optical axis are all the same. Accordingly, the use of the Fresnel ^.mor 
24 foMhe projecting optica, system 25 avoids the necessity for taking into account the compensation for distortion and 
alws the use of the aplanatic refracting lens 23 as it is. Since the other arrangements and operates of this embod- 
i™»nt arc thp same as those of Embodiment 1 , no description will be given of them. 

rbo^aSording to this embodiment, since the projecting optica, system is made ^ > c the 
Fresnel mJror 24 that magnifies an image with a short distance as is the case with the convex mirror but does not 
distort he mage of light passing therethrough and the aplanatic refracting optical lens 23,,t .s possible to ^d.splay -a 
magnrt ed image en the screen 18 withou, the need for compensating the pincushion distortion o he convex ^mirror 
T 6 Sy the refracting optical lens as in Emt cdiment 1. This facilitates the design and fabrication of the image display 

tSS Further, this embodiment uses, as part of the projecting optica, system 2, the Fresnel mirror 24for^ec I thinner 
than the convex mirror 1 6, and hence permits further reduction of the depth dimension of the .mage display device as 
compared to Embodiment 1 . 

EMBODIMENT 3 

[02831 in this embodiment the projecting optical system is made up of an optical element that has a convex projecting 
surface on the side thereof opposite the light receiving surface and a refracting optical lens 

028% Fig " 0 is a diagram schematically illustrating the configuration of an image display device according to M 
LmhoLent (Embodiment 3) of the present invention. In Fig. 10 reference numeral 28 denotes a refracting optica 
Z^SXStSSX» defl0te£ an optical element (a reflecting part) formed of two optical matenaU > o 
Erin dsoe refer characteristics; and 30 denotes a projecting optical system (projecting optical means) made up of 
5!SS25^SSlId he optical element 29. For the brevity sake, no illumination light source system is 



[S Fig 11 depicts the optical element 29 in enlarged dimension. Reference numerals 31 and 33 denote low 
Speiion glass (low dispersion medium) and high dispersion glass (high dispersion medium ">P«*£K« £"2S 
an interface between the low dispersion class 31 and the high dispersion glass 33; and 34 a "^J"" 
s forms an interface between the high dispe.e ion glass33 and air. As viewed from the light receiving surface, the nterface 
32 has a concave conTiguration that provides positive power and the reflecting surface 34 has a convex configuration 
Zx p^ovWes'egive power. WhenHght enters and .eaves the optica, e.ement 29, chromatic aberration 
the case with a prism; hence, the low dispersion glass 31 and the high dispersion glass 33 are combined for achro- 
matization. 

ah rnoftfti w^vt th^ ©Deration of this embodiment will be described below,. 

K£n Rg i 2 i a dCm showing the optical path of incident light in the optica, e.ement 29. .n Fig. 1 ! the ^hand 
side of the interface 32 corresponds to the lew dispersion glass 31 (of a refractive .ndex n n ) and the nght-hands.de 
Respond to the high dispersion glass £3 (of a refractive index n 2 ). The «-^ h *^Ji"5^JS 
arbitrarily but in this example n,^. A convex mirror, which has the same conf igurat.on as that of th ^^"^ urfa ^ 

45 3* used and the optical path of the incident light mere.y bent by the convex mirror used as the ref.ect.ng surface 34 

[ S iXS b ^ the solid and broken lines, the optical path by the optica, e.ement 

29 wLh passec through the .ow dispersion g.ass 31 and the high dispersion glass 33 in this order and stnkes on the 
convTreEg surface 34. can bebenc a, an angle larger than in the case of the optica, path bend by the mere 
50 convex mirror, and consequently a wider-angle image can be projected onto the screen 18. 

102891 With the use of the optical element 29. it is possible to project an .mage onto the screenl Bather angle 
han doer he reflecting surface 16 in Embodiment 1 and hence reduce the convexity of the reflecting , surface 34 
^olgfy Further, since the position of emission of light from the optica, e.ement 29 can be controlled by adjushng 
Sickn^ 

«5 pis o, a red1nd P blue colors'by the so.id and broken lines, respectively. Glass is caHed high or 

gLs, depending on whether its refractive index changes greatly with a change In the wavelength of .nc.dent light In 
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general, glass materials have a characteristic that the refractive index increases with a decrease in the wavelength of 

[0291] Accordingly as depicted in Fig. 13, the blue light of shorter wavelength is greatly refracted in the low dispersion 
glass whereas the red hght of longer wavelength is not so refracted as is the blue light. Since the high dispersion glass 

2 TIT T PerSkn 9laSS 31 in temlS ° f the de9ree of refraction accordin 9 to c °'°'. « ^ possible, even 

with a high dispersion glass of lower power than that of the low dispersion glass 31 , to provide dispersion with which 
colcr aberration having occurred in the low dispersion glass 31 can be compensated for. Thus, an achromatic lens of 
positive power can be constituted by such a combination of high and low dispersion glass materials. An achromatic 
lens of negative power can be obtained simply by reversing the combination of the low dispersion glass 31 and the 
high dispersion glass 33. a 
[02S2J In Fig 11 the low dispersion glass 31 is disposed on the light receiving side, but an optical element 35 of such 
a structure as shown in Fig. 14, in which a low dispersion glass 38 is sandwiched between a high dispersion glass 36 
disposed at the light receiving side and a reflecting surface 39 of negative power, may sometimes be more effective 
n echromatization. Such optical element structures can be freely chosen at the time of design 

[0293] As described above, according to this embodiment, light is projected onto the screen 1 8 by the optical element 
29 that » composed of the low dispersion glass 31 and the high dispersion glass 33 laminated in the direction of 
ransmission of hght and the reflecting surface that has negative power and reflects the light having passed through 

L tZ£Zl?Z 9 „ r d hi9h diSPerSi ° n 9 ' aSS 3a With SUCh a " cement, light of the same field angle 
as that of light reflected off the convex mirror 1 6 in Embodiment 1 can be projected by the reflecting surface 34 of less 
convex configuration than that of the convex mirror 1 6, and the distortion by the reflecting surface 34 can be compen- 
sated for ,n the opt.ca element 29 or 35 by adjusting the thicknesses of the low dispersion glass 31 and the high 
dispersion glass 33. Thus allows ease in compensating for the pincushion distortion that occurs in the reflecting surface 



EMBODIMENT 4 



SLingl urfa b cie diment °° rreCtS ^ * refracting lons or convex mirror that has a aspherical refracting 

R 9 t 1 5 sc f h t ematical| y illustrates the configuration of an image display device according to a fourth embodiment 
(Embodiment 4) of the present invention. In Fig. 15 reference numeral 40 denotes a refracting optical lens of positive 
power (projecting optical means, refracting optical part); 41 denotes an aspherical convex mirror having an aspherical 
reflecting surface (projecting optical means, reflecting part); 42 denotes an aspherical lens having an aspherical re- 
dacting surface (projecting optical means, refracting optical part); 43 denotes a spherical convex mirror having a spher- 
ical re lecting surface (projecting optical means, reflecting part); 44 denotes an optical axis common to the refracting 
optical lens 40, he aspherical convex mirror 41 , the aspherical lens 42 and the spherical convex mirror 43. Incidentally 
an illumination light source system and a screen are not shown for the sake of brevity. 

[0296] An analysis according to the Fermats principle reveals that a spherical refracting surface of a lens or reflecting 
surface of a mirror prov.des no stigmatism, whereas an aspherical refracting surface of a lens or reflecting surface of 

coZZT^TZT™ T emb ° dim t nt COrrects for distorti °" ^ P'aclnfl an optical element of such aspherical 
configuration at the position where principal rays are divergent 

«f ° r T,T Pl< \ aS t SpiCted RQ - 1 5(a) ' ' ight ,r0m the »"te«H*ror device 1 4 as a spatial light modulator, which 
passes through the refracting optical lens 40, is reflected by the aspherical convex mirror 41 for projection onto the 
screen 18 (not shown). 

2f!1 th AI,ernativel * as showr ' in p i9- 15(b), the aspherical lens 42 is disposed between the refracting optical lens 
m^n J S P henca ' ' om ** mirror 43 at the P° srtion w nere the principal rays are divergent, and the light from the 
micro-mirror dev,ce 14 which passes through the refracting optical lens 40 and the aspherical lens 42, is reflected by 
the spherical convex mirror 43 for projection onto the screen 18. 

[0299] Since the reflecting surface configuration of the aspherical convex mirror 41 or the refracting surface config- 
uration of the aspherical lens 42 has a one-to-one correspondence with distortion, the reflecting surface configuration 
or refracting surface configuration is designed through ray tracing in either case 

[0300] Accordingly, in the both cases of Figs. 15(a) and 15(b), since light is projected onto the screen 18 through 
the aspherical convex mirror 4 1 and the aspherical lens 42, ft is possible to provide an image display device wtth 
reduced depth dimension and correct for distortion of the image projected onto the screen 18 

[0301] As an alternative to the above arrangements, the aspherical lens 42 and the aspherical convex mirror 41 
f™ I 88 depKAed in Fi 9- 15 < c >- This arrangement allows more ease in correcting distortion 
in ° \ 1 l th ° U , 9h n0t Sh0Wn, S6Veral as P nerical lens 42 ca n be interposed between the refracting optical lens 
40 Q nd One asphencal convex mirror 41 (or the spherical convex mirror 43), in which case distortion can be further 
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103031 Th. Mowing Ihr., .ch«™>s b.n be used lor — cordon lo, «»nion b, the *»d bob- 

cT,« 5^^b»»Jl. b P , M l b,i. 44 but gradb.lly diminish.. w«h bpprcbbblngt. the pdnphe„. 

S^eotn^r 3 2£ optica, axis 44 h formed by adding odd-order terms to the po.ynom.^ 
When the mtorr^device 14 is piaced off the optica, axis 44 as depicted in Fig. 17, the reflecting surface nea the 
Seal eTS del not project light. Accordingly even if the projection and image formation performance ^, 
optical aS it decorated by discontinuity of the curvature of the central area of the asphencal convex m.™ 46 no 
inf uen« Ts exerted" o the display performance of the display device. The use of the asphencal convex m rror 46 
implement VSSH Z*™ in which the C ° rreCti ° n ** diSt ° rti ° n ' S " * " 

dWurbeu in prinSe, due to discontinuity of curvature, leading to degradation of the image format.or ' ^o™"- 
M i Tvi w I the above according to this embodiment, incident light is reflected by or transmitted through such 

n d° « 

iight onto the screen 18. thereby achieving excellent image formation performance. To perform this, the micro m.rror 
35 device 1 4 is disposed with its effective display surface shifted off the optical axis. 

r0311l The odd-order aspherical surface is also applicable to the refracting optical lens 

Sl2 Fig ?8 illustrates another configuration of the image display device according to th,s embodiment. In F g_18 
ieferen J ^n'umeral 47 deno.es an aspherica. lens (projecting means, refracting optica, part) whose refract.ng surface 

SSng? en ; mo* the'principa! rays are divergent; hence, the configuration of the light emanating portion * 
03 16 ^Furfhiaiordingtothis embodiment,^ 

SsUge at tie center of the optical axis but gradua.ty decreases with approaching to the penphery. the light to be 

soh^icaVreS formedby addingan odd-ordertermto a polynomial representing an even-order asphenca 

euSace « SSS ^ to implement a'projJng optica, system in which the correction for distort.cn and an exce.lent 
imaoe formation performance for off-axis projected light are compatible with each other. c „ hori «,i 
55 0318] Further aLording to this embodiment, since the aspherical .ens 47 is used which as an odd-order asphencal 

efrlc ino surface formed by adding an odd-orderterm to a polynomial representing an even-order asphencal surface 

improvement in the off-axis image formation performance. 
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SHa, a '" C ; ide, ; ,al, y;' he t abov f- rr ' ention ed configurations of the refracting optical lens and the convex mirrorcan be 
chosen arbitrarily at the time of designing the image display device mirrorcan De 

SSSL ^T^ 0 " 16 u lenS6£ f ° rmin9 the re ' raCtin9 0p,ical part ' such as the refracting optical lens 40 the as- 
nlZT • V \ aSp ^ rlCal lens 47 ' that is > * '*ast one refracting optical lens forming the refractfng optical paS 
such a , ToL S " P * f W ' th a , di£ ° f 9 d6Sired aSph6riCal configuration by injection molding of plastic syntSc Sin 

JSc an" HZon" ,nt ^ , 96neral ' ^ me ' tin9 P ° int °' 9 ' aSS *>' US6 as a ™ terial * a ensTaZt 

k L e r hi m h el, ' ng P° lnt of 9 |££S for ™lding use is 500'C, whereas the melting point of the plastic synthetic resin 

h , .h . " °' refr8C,iVe ° p,iCal lens from the plastic synthetfc resin provides i^ES^ST 
tivity, and cuts the manufacturing cost of the image display device increased proauc 

[0321] Of course, a known glass molding method can be used to obtain the aspherical lenses 42 and 47 In such an 
nstance since the aspherical lens if formed of a glass material, environmental characteristicMsuch as the ooeratino 

IZ^T^ hUmidi,V ,Sn9e) ^ be m ° re impr0Ved than in the case " -hQ pSSmSS: Sens 
Z Z»l H ■ t , 9 T pSrt neSdS ° nly t0 be Ch0Sen accordin 9 to »e purpose usage and ^JSteto,! of 
the image display dev.ce desired to fabricate, taking into account merits of individual materials. SpeC ' f,Catl0ns of 

EMBODIMENTS 

SS. r!,T b ? dimen I 4 iS adaplSd t0 C0,TeCt f ° r dist0rtion ^ means of the spherical convex mirror having an as- 
thi ! 9 , Tr °: re,ractin 9 °P**' 'ons having an aspherical refracting surface as described I above buUn 
this case a curvature of field occurs in the image projected onto the screen 18, developing what is called an %c£ of 
focus" phenomenon. A fifth embodiment (Embodiment 5) of the present invention is iJlS^Z^ZZZ 

Seised LVme EE£ ^ZSjT * ^ " ^ ^ ^ ™ P * 

P=SPi 
=2[l/(ni-fi)] 

=2[<j>i/ni] <*-l,...,N) (1) 

where Z is an operator that means the sum total related to an index i of sum, i is the number of an optical element N 
nl iTJ rV ° P H Cal T, L m6n,S ' Pi " 8 COmP ° nent ° f Sn ° p,ical element that contributes to the Pet^aPs sum 

r P rr a une t^zzst™- fi is ,he focai ien9th ° f the - — — ■ - ^ — 

c SL T whi, C h 0ndlti ^J O L f T in9 3 P ' ane ima9e With no curvature ° f fie,d on a "at object is called the Petzval'a 

Si's sum corJ^i 6 T V TT ° f K a r6fraCting ° ptiCal ' enS (pr0jectin 9 optical means, refracting optical part 
Petzva s sum compensating lens) 48 to the image display device of Fig. 15(a) as depicted in Fig 19 The refractina 
' e " S 48 » an achromatic lens 48 composed of a positive lens 48A and a negative lens 48B 9 
S 3 o? t T e I 6 asphencal mirror 41 < i=3 > has a refractive index n3=-l and a negative power 43 (<0) of a larae 
n r COmp0nent PS of the as P he rical convex mirror 41 that contributes to the PetLrs sum P is fkely 
to take a positive value owing to a division of negative values V 

comPonem pfoHhe TslZZT* * * the ref ractin 9 optical lens 48 that cancels the 

component P3 of the asphencal convex mirror 41 . That is, the refracting optical lens 48 made up of the positive lens 
48A (,=1) and the negative lens 48B (i=2) makes the Petal's sum contributing, component P1 + P2 a negativHa iue 
canceling the component P3 of the aspherical convex mirror 41 negatrve value, 

r SinC6 ^ haS * P ° Sitive power + 1 < >0 >' its refrac tive index n1 is increased to obtain the 

contributing component P1=61/n1»0, lessening the influence on the Petzval's sum P 

[0329] Since the negative lens 48B has a negative power *2 (<0), its refractive index n2 is decreased to obtain » 
negative contributing component P2=«|>2/n2 whose absolute value is large decreased to obtain a 

h^nJln^^T^f 076 ' by Se ' eCting the refractive indexes of ,he positive a "d negative lenses 48A and 48B to 
ben 1 >n2 f the confuting component P1+P2 is made to approach the negative value as much as possto^ therebv 
educing the rnfluence of the component P1 + P2 on the component P3 of the aspherical conve^ ^mfrror 4 " 
[0331] Moreover, the Petzva.'s condition can be further satisfied by setting Abbe's numbers v1 and Z o the posttive 
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and negative lenses 48A and 48B to values close to each other. In general, letting a refractive index change by a 
wavelength change be represented by An, the Abbe's number is defined by v=(n-iyAn; a small Abbe's number means 

^SSSSESZZ Po've and negative lenses 48A and 4BB of the refracting optic, lens 48 in 
ng 19 be represented by O, the following equations (2) and (3) are obtainable from an equation of the comb,ned 
power, 0=I(<t>i), and an equation of the condition for achromatism, Z(fi/vi)=0. 



<|>1=<I>.v1/(v1-v2) (2) 



4>2=-C>-v2/(v1-v2) 



(3) 



[0333] In Fig. 20 there are shown variations in the absolute values of (W) and (<t,2/<t») for (v2M) when Equations 
(2) and (3) are modified to the following Equations (4) and (5), respectively. 



<t,1/«>=1/[1-(v2/v1)] W 



4 > 2/*=-(v2A' 1 -(v2/v 1 )] 



(5) 



r0334] in Fig. 20, the abscissa represent (v2/v1) and the ordinate represents absolute values of Equations >(4) and 
5s), J/*! and l<t,2/0.. It is apparent from Fig. 20 that as (v2/v1 ) approaches the value 1 , the powers *1 and «2 of the 

positive and negative lenses 48A and 48B increase. nonath/e 

5)3351 It is possible to further satisfy the Petzval's condition by increasing the powers of the positive and negabve 
enses48Aand48Bthrough utilization ,of theabove. That is, the Abbe's numbers v1 and v2 of he positive and negate 
lenses 48A and 48B are set to values close to each other by increasing the refractive index n1 of the positive lens 48A 
and decreasing the refractive index n2 of the negative lens 48B. 
30 [0336] For example, setting the refractive indexes of the positive and negative lense ^ 8A n a ^ N 4 ^ n t s ° 

and their Abbe's numbers to v1 =50 and v2=30 and assuming that the combined power <D=1 .n Equabons « and (3) 
J!=50/(50-30)=2.5 and <t.2=-30/(50-30)=-1 .5; the Petzval's sum of the refracting optical lens 48 atth,s t.me ,s P1+P2- 

Thlfenactive 6 fndex of the positive lens 48A is increased and the refractive index of the negative lens 48B is 
Sased so 'ZZ Petzvars condition is approached from the above state. For ^^^^^^ 
of the oositive lens 48A is set larger than the refractive index of the negative lens 48B such that n1=1 .8 and n2- I e. 
£ TpeS's sum h P1 + P2=(2.5/1 .8) + (-1 .5/1 6)=0.451 4; that is, the Petzva.'s sum is closer to a negative va.ue than 
that before the refractive indexes n1 and n2 are changed, and the Petzval's sum is improved accordingly. 
0338? Then he Abbe's numbers v1 and v2 of the positive and negative lenses 48A and 48B are set to values close 
feach other For example, when the Abbe's numbers are set to v1=45 and v2=43 so that the.r difference v1-v2 s 
i JIn^i mSSSS 6 and d,2=-43/(45-43)=-21 .5 (assume that *=1 ) from Equations (2) and (3). and the Petzval's 
™ pttKS^^V^ thus, the Petzval's sum P1 + P2 of the refracting optica, lens 48 can be 
made negif A^oSingty, the Petzva.'s sum P in Fig. 1 9, containing the aspherica. convex mirror 41 , can be made 

• ;«des^ 

of positive power and the negative lens 48B of negative power, the refracting index of the former being rnade^ la*er 
than the feiractive index of the latter and their Abbe's numbers being set to values close to each other. Wrth such a 
!ZX lens « «, is possible to correct for distortion and satisfy the Petal's condition to correct for the 

m WhSnthe above the refracting optic, .ens 48 in Fig. 19 has been described as 

display device of Fig. 1 5(a), this embodiment is not limited specifically thereto but may be applied as well to the other 
device configurations of Embodiment 4. 

EMBODIMENT 6 

55 [0341] A sixth embodiment (Embodiment 6) of the present invention generates an over curvature of field by a re- 
fracting optical lens to correct for the curvature of field that occurs in the aspherical convex ™™r 
[0342] Fig. 21 is explanatory of an under curvature of field that occurs in the asphencal convex mirror. In F.g. 21 (a). 
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reference numeral 49 denotes a refracting optical lens; 50 denotes the optical axis of the refracting optical lens 49- 
and 51 denotes a plane perpendicular to the optical axis 50. Light having passed through the refracting optical lens 
49 forms an image on the plane 51. In Fig. 21(a) a flat image is obtained. 

VVhen light is projected onto the aspherical convex mirror of Embodiment 4 through the refracting optical lens 

t ?filw thtt ,ma9e f U t K aCe iS . CUrV6d WUh itS C ° nCaVity t0Ward the P™i«*"9 °P tical s y stem due to ^ under curvature 
of field that occurs In the aspherical convex mirror. 

!2£L F °p eX ™ ' " hen ' i9ht is emined from ,he refracting optical lens 49 to the aspherical convex mirror 41 as 
depicted in F,g. 21(b), the reflected light undergoes curvature of field as indicated by an image surface 52, resulting 

™i™ TT, 'T ♦ e " 19 P 8yed ° n ,he SCree " 1 8 ' T ° Correct for the under curvature ° f field ^ the aspherical convex 
V. 6 aCt ™ 9 ° ptlCa ' Sy£,em is used t0 provide an over cu rvatu « of field to flatten the projected image surface 
[0345] That is as depicted in Fig. 22, an image surface 53 having an over curvature of field such that the focal length 
increases with distance from the optical axis 44 is provided by a refracting optical lens (projecting optical means a 
refracting optical part, a curvature of field correcting lens) 54 interposed between the micro-mirror device 14 and the 

ZTrT ? nVe ?r, r H r0 J *l ,h6reby CanCe,in9 the ° ver Curvature of field b V the refractin 9 0P«cal lens 54 and the 
nfi .h I th 6 °i ^ the 8£pheriCa ' C ° nVeX mirr0r 41 " As a resutt < il is P° ssible t0 cor ^ f°t under curvature 
no S^reTfteS C0nV6X mirr ° r 41 US6d COrreCtin9 diSt0rti ° n hen ° e diSP ' ay 8 distortion - free ^age with 
[0346] The configuration of the refracting surface of the refracting optical lens 54 can be optimized through numerical 
calculations for ray tracing by a computer. 

SJSLT 1 "!? ^f/ 6 !," 1 ! 8 ° f numerical ca| oolations for ray tracing have revealed that an aspherical optical element 
reduces the d stort.on at the place where the principal rays are divergent and the curvature of field at the 
place where the principal rays are convergent. This will be described below in respect of Fig 23 
S2JL F ' 9 ' ^ Sl ?° W ! the reSU ' tS 0f nu ™rical calculations for ray tracing. An aspherical lens (projecting optical means, 
a refracting optical part, an aspherical optical element) 55 is placed at the position where the rays from the micro-mirror 
device 14 (not shown) are convergent, aspherical lenses (projecting optical means, a refracting optical part, aspherical 
optical elements) 56A and 56B are placed at the position where rays from the asperical lens 55 divenU and an as- 
pherical convex mirror (projecting optical means, a reflecting part, an aspherical optical element) 57 is placed at the 

n° ni ~tl W TT^ a -r £pheriCa ' le " S 568 diVerge; the li9ht reflected * the aspherical convex mirror 57 is 

™Sa hITJ aspherical lens 56 effcctive| y reduces curvature of field, whereas the aspherical 

lenses 56A and 56B and the aspherical convex mirror 57 effectively reduce distortion. 

<Numerical Value Example 6A> 

[0349] Fig. 24 is a table showing, by way of example, the results of numerical calculations in Fig. 23. The aspherical 
surfaces used ,n Fig. 24 are defined by the Equations (6) and (7) given below, where z is the amount of sag from a 
tangent plane passing through the center of rotation of an optical plane, c the curvature at a surface apex (an inverse 
of the radius of curvature), k is a conic coefficient and r is the distance from the z axis. Incidentally, specifications in 
f=5 " 57 H mm ( he 'ocal length at a wavelength of 546.1 nm), NA=0.1 7 (the numerical aperture on the side of 

XnSr:fp d ^° b=14 - 22mm (,he ° b]eCt h6i9ht St ^ "* ° f ,hS M ™ *"-> »«"*<»» 

2=cr 2 /t1+{1-(1+k)c 2 r 2 } 0 - 5 ] 
+Ar 4 + Br 6 + Cr 8 +Dr 10 + Er 12 
+ Fr 14 4Gr 16 + Hr 18 + Jr 20 (6) 

z=cr 2 /[1+{1-(l + k)c 2 r 2 } 0 ' 5 J 
+AR1 r+AR2r 2 +AR3r 3 +... 
+ARnrV..+AR30r 30 (7) 

[0350] As described above, this embodiment uses the refracting optical lens 54 to provide the over curvature of field 
that cancels the under curvature of field by the aspherical convex mirror 41 ; hence, it is possible to display an image 
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SSgent and distortion at the position where the principa. rays are divergent, by p.ac.ng asphenca. optica, e.ements at 
^X^-fTX'Xl -ens 54 may be applied as we,, to the other aspheric, convex mirrors in Embodiment 4. 
EMBODIMENT 7 

roasai Fio 25(a) (b) and (c) are front, top plan and side views of an image display device according to a seven* 

wsmmmm 

the empty space, the depth dimension of the image display device can be reduced 

i«Uki The effect of the path-bending reflector 59 will be seen from comparison of Fig. 25 wrth Figs 26 ana 
0357 ^Fig S Ji ce'thl path-bending reflector 59 is not used, the light having passed through the re rac^ ng 
£2 -ens 58 strikes directly on the convex mirror 60. This requires the <£™n~££ £££ J^M 
optica, lens 58 to be placed at the positions defined by the screen 1 8, the plane m.rror 22 and the convex mirror , 

r 5 r,nT^ 
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Knc miln e e r 'f aCCOrdi ?. 9 t0 !f" embodimer * since path-bending reflec.or is used by which the light from the 
first lens means form.ng the refracting optical lens is reflected to the second lens means, the i^r^optSJtoS 

irnaoe d r h y endin9 . th , e ° PtiCa ' 3X68 ° f the ,irst and second lens Hence, the deXmension of Z 

mS^SSSS th 8 " e K U ? er r6dUCed Snd thS h6i9ht ° f ,he ""^r-the-screen portion canbe made small 
[0365] Incidentally, this embodiment is applicable to Embodiments! to 6. 



EMBODIMENT 8 



EL fhp d oh C ^ ed in f ^ UmeriC Va ' Ue EXamp ' e 6A ° f Embod ^«nt 6, the optimum optical system configuration for 

£XfiX£££. present invention can be obtained specifica,ly through ™*£ 

! rll 7 ^ ^'^f dia9ram illustralin g the configuration of an image display device according to an eighth embodiment 

Sin f'J r ^ ref6renCe nUmeral 14 deno,es fl micro-mirror device; 62 denotes a retro-focus optical system (oro- 

22 P Tr, 8 ' 3 refraCtin9 ° ptiCal part) fomied bv P° sitive lenses ° f Positive P°wer and nega ive leTses 

adSZr^f T 6S 9 refraC,in9 ° P,iCal ' enS (pr0jSCtin 9 °P tical means < * -fracting optical part) to maZ fine 

SSr„?nl rt w e ? em i SSi ° n °' ' i9ht: a " d 64 den0,es an as P herical conve x mirror (projecting optteal means 

22 J rS tlng li9M ,TOm the rSfraCting 0ptical lens 63 to correct for distorton For orS sate the 
illumination light source part and the screen are not shown V 

by 3 the reJacti'n? oStenTeT^ 0 ^^ " "" ° ptical svs,em 62 and is tra "^itted 

Dy me retracting optical lens 63 to the convex mirror 64, thereafter being projected onto the screen fno ,hnwni Th» 

t r hT ra v 0CU h 0PtlCal T m 62 h3S 'fc ht -9 atherin 9 Po-er and, at the same time, eJ^Z^££St^ 
the nay to be projected onto the screen. The refracting optical lens 63 corrects for the distortion unco rented for She 

TTf mlrr ° r 64> re,r °- ,0CUS ° p,ical S y stem 62 and the erecting optical lens 63 inc u^the vSou! 
refracting optical lenses referred to in the embodiments described previously. 

SJfSn JUS SpeCifiCally J ^ e r etro-focus optical system 62 is composed of two positive lens groups 62A and 62B and 
™ £p lenSgr ° U P 62C as de P icted in Fi 9- 29(a), two positive lens groups 62D and 62E and one negative lens 
Rg 29(c) P ' Cted F ' 9 ' 29<b) ' " ° ne P ° SitiVe ' enS gr ° Up 62G and »•* 'ens group 62H asle^ in 

Selent in^ent^n^wm ""^T thr ° Ugh nUmerical calc "'ations to attain the objective of the 

num^r^S k re V be underEt00d °y conducting again numerical calculations based on the results of 
numerical calculations shown ,n respective numerical value examples that the above configuration suppress dtetorSon 
and curvature of field and reduces the depth dimension of the image display device Concre TresSEs of num«S 
calculations are shown below In Numerical Value Examples 8A, SB and 8C. c °ncrete results of numencai 

<Numerical Value Example 8A> 

El F 'f ' 3 ?u and 31 are 8 tab ' e ShOWing nume rical data of Numerical Value Example 8A and the device confiou- 
ET„ h °." ^ nUmeriCa ' data ' reSpectivel V- These figures correspond to Fig. 29(a). The positive lens grou 62B 
is an achromatic lens composed of positive and negative lenses. ne positive lens group 62B 

<Numerical Value Example 8B> 

El F h S ' 3 i Snd 33 S t8b,e Sh0Wing nume r«cal data of Numerical Value Example 8B and the device confiau- 
SSSJS one le e n n s UmeriCa ' dal8 ' ™- em ^ > to F ^ 29 < b >" The P-£ S^^S 

<Numerical Value Example 8C> 
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<Numerical Value Examples 4A & 4B> 



r03751 Figs 36 and 37 are a table showing numerical data of Numerical Value Example 4A and the device configu- 
ration based on the numerical data, respectively. Figs. 38 and 39 are a table showing numerical data of Numerical 
5 Value Example 4B and the device configuration based on the numerical data, respectively. Either of them corresponds 
to Embodiment 4, in which that one of the two aspherical lenses 47 near the asphericl convex mirror 46 is made of 
acrylic resin and the other aspherical lens on the side opposite the aspherical convex mirror 46 is made of polycar- 

bonate. * 
[03761 In general the temperature coefficients of refractive index and coefficient of linear expansion of plastic ma- 
io terials are two orders of magnitude greater than those of glass. Accordingly, special consideration must be given to 
the usage when they are used in an environment of large temperature variations. In particular, in Numerical Value 
Example 4B the two aspherical lenses 47 have their central and peripheral portions formed substantially equal in 
thickness with a view to reducing the influence of a temperature change on the configuration of the aspherical lenses 47. 

15 <Numerical Value Example 7A> 

r0377] Figs 40 and 41 are a table showing numerical data of Numerical Value Example 7A and the device configu- 
ration based on the numerical data, respectively. This example corresponds to Embodiment 7 and is intended to reduce 
the depth dimension of the display device by placing the path-bending mirror at the position indicated by the broken line. 
20 r03781 Incidentally, specifications and equations for calculating the aspherical configurations in all of the above nu- 
merical value examples are the same as in the case of Numerical Value Example 6A except the value of the focal 
length f at the 546.1 nm wavelength. Listed below are the focal lengths f in the respective numerical value examples. 

4A: f=5.3881 mm 
25 AS: f=4.9898 mm 

7A: f=4.8675 mm 
8A:f=5.2190 mm 
8B: f=5.0496 mm 
8C. f=5.5768 mm 

30 

[0379] The verification of the numerical data shown in the above numerical value examples reveals that the lenses 
of the retro-focus optical system 62 have such features as listed below. 

r03801 (Feature 1) The average value, ave_Nn, of refractive index of the negative lenses and the average value, 
aveJMp, of refractive indexes of the positive lenses are 1 .45<ave_Nn<1 .722 and 1 .722<ave_Np<1 .9, respectively 
35 [0381] (Feature 2) The average value, ave_vdn, of Abbe's number of the negative lenses and the average value, 
ave vdp of Abbe's number of the positive lenses are 25<ave_vdn<38 and 38<ave_vdpS60, respectively. 
[0382] (Feature 3) The difference, dif_ave_N , between the average values of the refractive indexes of glass materials 
for the positive lenses and the negative lenses is 0.04<dif_ave_N£1 . 

[0383] (Feature 4) The difference. dlf_ave_vd, between the average values of the Abbe's number of the glass ma- 
40 terials for the positive and negative lenses is 0<dif_ave_vd5l 6. mtror *w, 0 
[03841 Features 1 and 2 correspond to the case where the refractive index of the positive lens 48A and the refractive 
index of the negative lens 48B. which form the refracting optical lens 48 (a Petzval's sum correcting lens) in Embodiment 
5 are set high and low, respectively. And materials of Abbe's number in the range of 70 to 90 are also commonly used 
fdr achromaticity use, but in the present invention the Abbe's number of the material used is smaller than 60 as w.ll be 

45 [0385]° The above is the results of numerical value examples obtained with numerical calculations for ray tracing by 

[0386] PUt fn the present invention, since the micro-mirror device is placed off the common optical axis of the projecting 
optical system for oblique incidence thereon of light, care should be taken to prevent the effective bundle of rays from 

so being decreased by shading of a portion of light as by a lens flame. With a view to avoid this shad.ng of light, this 
embodiment employs the Fig. 28 configuration. ,,,„_. 
[0387] In Fig 28 the back focal length (BFL), which is the distance from micro-mirror device 1 4 to the lens nearest 
it and the distance from the micro-mirror device 1 4 to the position of an entrance pupil of the retro-focus ophcal system 
62 are chosen to be equal to each other. This minimizes the shading of light, illuminating the screen with increased 

55 efficiency. The reason for this will be described below. 

[0388] Principal rays reflected off micro-mirrore of the micro-mirror device 14 converge at the position of entrance 
pupil The spread angle of the reflected light from each micro-mirror is fixed; when the position of entrance pupil coin- 
cides with the back focal length as shown in Fig. 42(a). rays converge mostly on the entrance pupil plane. Hence, the 
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diameter of a refracting optical lens 66 disposed on the entrance pupil plane can be minimized. In this instance, a 
efrac ting optical lens 65, wh,ch transmits light from the illumination light source (not shown) to the micro-mirror device 
1 4, will not shade the light from the micro-mirror device 1 4 to the refracting optical lens 66 

[0389] in contrast to the above, when the position ol entrance pupil is shifted from the back focal plane with sizes 

Fin ST rS raCt ' n f ° PtiCal lenS6S 65 and 66 &nd ,he ™<™™™ device 1 4 held unchanged as depicted in 
Fig. 42(b) the principal rays from the respective micro-mirrors converge at the shifted position of entrance pupil. Since 
the spread angle of light is fixed, the rays on the entrance pupil plane 66 spread more than in the case of Fig 42(a) 
and the diameter of the lens for receiving such light inevitably increases. And the light incident to the refracting opt cai 
lens 66 from the micro-m.rror device 14 is shaded by the refracting optical lens 65. This leads to reduction of the 
effective bundle of rays, resulting in the Illumination efficiency being impaired 

KSn h FOr , r ? a ?! n t 9iV , e . n ab0Ve> the diStanCe frcm the micr °-™i"or device 14 to the position of entrance pupil 
is set to be equal to the back focal length. This minimi.es the diameter of the refracting optical lens and suppresses 
shading of light, providing increased illumination efficiency. It is a matter of course to apply the above-described shading 
minimization scheme to the other embodiments as well. In Numerical Value Examples 4A and 4B the position of en 
nTo^T ! i backfocal length are virtually coincident; complete coincidence of them will provide the best results 
[0391] As described above, since this embodiment us es the retro-focus optical system 62 composed of positive and 
negative lens groups, the refracting optical lens 63 for making fine adjustments to the angle of emission of light and 
the asphencal convex mirror 64 for correcting distortion, it is possible to suppress distortion and curvature of field 
permitting reduction of the depth dimension of the image display device 

KSwh AcCOrdin9 , t0 thiS embodiment - the retro-focus optical system 62 is made up of the positive tens group 62A 
(62D) the positive lens group 62B (62E) and the negative lens group 62C (62F). This also suppresses distortion and 
curvature of field, permitting reduction of the depth dimension of the image display device 

?•? ACC0 ; din , 9 t0 this emb ° di ™nt. the retro-focus optical system 62 is made up of the positive lens group 62G 
and the negative lens group 62H. This also suppresses distortion and curvature of field, permitting reduction of the 
depth dimension of the image display device. 

[0394] In an image display device of the present invention, the average refractive indexes of the negative and positive 
lenses are set In the ranges of from 1 .45 to 1 .722 and from 1 .722 to 1 .9, respectively. This also suppresses distortion 
and curvature of field, permitting reduction of the depth dimension of the image display device 
[0395] According to this embodiment, the average Abbe's number of the glass materials forthe negative and positive 
lenses are set .n the ranges of from 25 to 38 and from 38 to 60, respective*. This also suppresses distortion and 
curvature of field, permitting reduction of the depth dimension of the image display device 

[0396] According to this embodiment, the average refractive indexes of the glass materials for the positive and neq- 
a ive lenses of the refracting optical lens are chosen such that their difference is in the range of from 0 04 to 1 Thfe 
Scr 15 ' 68868 diSt0rti ° n CUrVatUfe ° f fie ' d ' P ermitti "9 reduction ° f depth dimension of the image display 
[0397] According to this embodiment, the average Abbe's number of the glass materials forthe positive and negative 
lenses of the refracting optical lens are chosen such that their difference is in the range of from 0 to 16 This also 
fnS T T ? ^ CUrV3tUre ° f fieldl P ermittin S eduction of the depth dimension of the image display device 
0398] According, to this embodiment, the back focal length from the micro-mirror device 14 to the refracting optica 

ontLiTt «o ?, ,anCe ,r ° m thS micro - mirror device 14 * position of entrance pupil of the retm-focus 
optical system 62 are set to coincide with each other. This minimizes the diameter of the refracting optical lens and 
minimizes the shading of light, providing for increased illumination efficiency. 

EMBODIMENT 9 



[0399] This embodiment (Embodiment 9) is intended to meet the Petzval's condition by a negative lens that is inter- 
posed between the micro-mirror device and a reflector at a position where the marginal ray is low 
[0400] Fig. 43 illustrates the configuration of an image display device according to this embodiment, Fig 43 (a) 
showing its whole structure and in Fig. 43 (b) its partially enlarged view. For brevity sake, the illumination light source 
he micro-m.rror device and thescreen are not shown. In Fig. 43 reference numerals 67 and 68 denote refracting optical 
lenses; 69 denotes a convex mirror that has a positive Petzval's sum contributing component; 70 denotes an optical 
axis common to the refracting optical lenses 67 and 66 and the convex mirror 69; 71 denotes a marginal ray of light 
traveling from the m,cro-mirror device (not shown) to the convex mirror 69; and 72 denotes a negative lens disposed 
at the position where the marginal ray is low. H 
[0401] As referred to previously with reference to Embodiment 5, since the convex mirror 69 has a positive Patzval's 

f.nTr rTT" 1 ' PetZVa '" S SUm ° f the Wh0le projectin 9 °P tical s V stem made "P of the refracting optical 
lenses 67 and 68 and the convex mirror 69 readily goes positive, giving rise to a curvature of field. To avoid this the 
negative lens 72 having a negative power of large absc lute value is used to provide a negative Petzval's sum con'trib- 
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15 



otingcomponent, which is utilizedtoreducethePetzyars sum ofthe entire optica, system to zero. This permits reduction 

i^C^SSi embodiment fcto piece the negative lens 72 at the P^^^^^^Z 
irL * ^se omhnHim^nt thp neoative lens 72 is disposed between the micro-mirror device (not shown) and tne 

m403i With such an arrangement, light converges on and passes through a limited area about the center of the 
nVtL irrs 72 and consequently the lens effect of the negative lens 72 on the light is substantially negligible. 

EBSEa^^ 

fhe ah-lute value of th Ltegat^e power of the negative lens 72 and the refractive index of its g.ass materia., the 

^^^X^^ 72 may also be disposed in the retro-focus optica, system 62 of Emb^ 
ment 6 iurtnermore since the reflecting surface of the micro-mirror device (the light emrtting surface in the case of a 
Tansm- on spatiS ight moduiator such as liquid crystal) corresponds to the position where the marginal ray 71 ,s 
Z Z ^denser lens (field flattener) may be placed as the negative lens 72 in proximrty to the reflecting surface (the 

EbT The neqSve lens 72 is not limited specifically to a singie-lens structure but may be of a multi-iens structure. 

Hence, the curvature of field can be reduced. 
EMBODIMENT 10 

r04071 E mbodiment 7 minimizes the thickness or depth dimension of the image display device and the heighl ^of the 
^e^-^rlton of the devtee by the path-bending reflector 59 interposed between Nj^-pM .ens 
58 and .he convex mirror 60 to bend the optical path in the horizontal plane containing the optical axis 61. Thte _em 
bLim^r ( Embodrent 1 0) is directed to the conditions for the arrangement of the path-bending reflector 59 and the 
refractinc optical lens 58 relative to the convex mirror 60 in Embodiment 7. --maaim 
0408] Rg 44 is explanatory of the conditions for placement of the path-bending reflector 59. Figs. 44(a J and I 44(b) 
are a lid and a top plan view of the image display device, and Fig. 44(c) is a front view of the 
parts identical to orcorresponding to those in Fig. 25 are identified by the same reference numeral^ 
numeral 73 denotes the optical axis ofthe refracting optical lens 58, and 58z denotes the refracting optica tens ^58 n 
the ca- where it is assumed that the optical bending mirror 59 is removed to bring the opt«al ax* 61 of the convex 
mirror 6C and the optical axis 73 into alignment with each other. 

^4091 The optical axes 61 and 73 intersect at an angle 6 in the horizontal plane. That ,s he op bcal axis 73 a gned 
with the cnTcal axis 61 is turned through 180-6° in the horizontal plane to intersect the optical ax.s 61 as depicted in 
rJ Z(r Reflrence cha Sere P and Q denotes two points on the line of intersection between the honzontal plane 
cStafn ,c the optSSs STd the refracting optical lens 58, the point P being a point th* * > the <*£ 
StTfmm the path-bending reflector 59 to the convex mirror 60 and the point Q being a po.nt that ,s the closest to the 

where 'th c^vex mirmr eo is disposed and the position of the path-bending reflector 59. and let those of pointe on 
The I ne d int Son between the horizontal plane containing the optica, axis 61 and the path -bending . ; ef erfor 59 
which are he closest to and the farthest from the convex mirror placement plane be cal.ed the closest pom and the 
flrthesTf oints, respectively. Reference character a denotes the distance from the closest point to the cenv ex marc, r 
ptcementplane,andcden y otes the distance from the farthest point to *eco^ 
c is the longest distance from the convex mirror placement plane to the path-bend.ng reflector 59. 
[M11] Reference character m denotes the distance from the highest point of the path-bending J» 
optca e>^s 61; g denotes the distance from the point Q to the convex mirror piacement plane; and f * notes the 
dEce from the position of the exit pupil of the refracting optica, lens 58z to the convex m.rror p acement plane. The 
d istence cTL longest distance from the convex mirror placement plane to the refracting ophcal lens ; 58 
tt sun ci We distance from the position of the exit pupil of the refracting optical lens 58 to the V**"*"**^ 
S and the horizontai distance from the position of the path-bending reflector 59 to the convex m.rror placement plane 
is equal to the distance f . 
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2 ,'\ h l , T T 9 - (a)> " iS advanta 9 eous . *«T minimization of the height of the under-the-screen portion 
hat . the distance from the lowermost end of the screen 18 tc the optica, axis 61 , to hold the optical path of reSZ 
hght a from the convex m,rror 60 as low as possible, that is, as close to the optical axis 61 as possible. With tootw 
an o F ,ca path however, the optical path is partly intercepted by the path-bending reflector 59 resulting in a shadow 
be.nc est on the screen 1E. Hence, the size and position of the path-bending reflector 5S must be determined in such 
r a ^; ner A aS , n0 t V° inte . rCeFt thS refleCted ray ,r ° m the COnVe * mirror 60 to tne 'owermost end of the screen 1 8 
EErv H %JZ ,1 90 ° 1 P ath ' bendin 9 ref lector 59. the distance a is maximized to ensure the passage of the 

2£r S £ T°! 60 31009 the '° WeSt P ° SSible path ' 0n the 0,her hand ' since *e thickness or depth 

dimer s ,onof the image display dev.ee is limited to a particular value that is determined by the specifications forthickness 
reducnon, the distance c needs to be held smaller than the limit. <*"°nsionnicKness 
[041 4] In the case of bending the optical path under the conditions mentioned above, if the distance f is too short 

?1 , Z ?, T' 60 ' f the refraCtin9 ° p,ical lens 58 is di£ P° sed 80 that rts P^ion containing the point P will no 
nterc ept the reflected ray from the path-bending reflector 59 tc the convex mirror 60, the distance a becomes sCe 

from S ? h 'n hand ' " diStanCe ' " t0 ° l0n9 ' the ' e,raCting ° ptical lens 58 i£ s P aced more tha^ssa J 
from the path-bending ref.ector 59 owing to the conditions imposed on the positions of the light receiving surface ol 
he c< nvex mirror 60 and the ref.ector 59. As a resuft, the path-bending reflector 59 becomes large and its hetgh 

Z ^ Z£Z ?k ly ' m t terCep,i : 9 tha reflected "V 75 from the ^vex mirror 60 to the lowermost end of the screen 
18.7c avoid this, the distance f has the optimum value. 

[0415] As will be seen Fig. 44(b), if the angle 6 of intersection between the optical axes 61 and 73 is set too large 

2L.r i^rir , c r e f s a r ckness or depth dimension iimmng vaiue - and the a misss 

screen 1 8 ""^ "''^ 6 ° * ^ a '° n9 3 St66per oplical P a,h to the 'owermost end of the 

[0416] A decrease in the, angle 6 decreases the distance g or c. This is advantageous from the viewpoint of the 
thickness of the refracting optica, lens 58 or path-bending reflector 59. With too small an angle 6, however the portion 
of he refracting optical lens 58 containing the point P projects into the optical path from the path-bending refleSSS 
tne o F urTm X i 0r mterCePtS ** ^ * °° ** "~ n 1 8 " the an 9'* 6 aisThas 

[041 7] In consideration of the above the path-bending angle 6 is determined such that the point P is as close to the 

SS. 81 dlm^„ the ?th 16 6 ^ ee ? determined > » is the dis,£nc * 9 or c that places a constraint on the thickness or 
SLIT T I ^ ,me 9^is P lay device; therefore, the distance f is determined so that the longer one of the 
distances g and c defines the depth dimension of the device. In particular, setting the distances c and a to the same 
value minimizes the height of the under-the-screen portion. ces c ana g to tne same 

[0419] The angle e may sometimes be predetermined according to other conditions of the image display device but 
it can also be considered to the same as in the above. 

EUS?- JTf P ° in t ,S ° f H^lf f b0Ve may be summarized below ir ' Paragraphs 1 to 3. With the distance f and the angle 6 
cone , ^ TT rV " P ° SSib ' e * SUPPreSS thS height ° f the ^r-the-screen portion while satisfying the 
cons.aint of the thickness limiting value but without casting a shadow on the screen. yngme 

"I"* 6 ; aSa *!°*T" g the optical P ath b y means ° f the Path-bending reflector 59, the ang.e 9 is setto such a 
.lue that the point P of the refracting optical lens 58 is as close to the optical path from the path-bending reflector 

- JLh 1 , T° r 60 88 POSSib ' e Within the range in which the P° int p d ° es n <* intercept the optical path 
< . When the angle G is predetermined according to other conditions for placement of the image display device the 
distance fa set to such a value that the point P of the refracting optical lens 58 is as close to the optical path from 
Telf> T 5 ° * th * ™™ ™™ 60 as possible within the range in which the point P does Z 
intercept the optical path and that the distance c or g defines the thickness or depth dimension of the device 
™SJ? t0 f min ; mi2in 9. ,he hei 9ht of the under-the-screen portion, the angle 6 is set to such a value that the 

pent P of the refracting optical lens 58 is as close to the optical path from the path-bending reflector 59 to the 
convex mirror 60 as possible within the range in which the point P does no, project into the optical path while* 

L ;^^^?"^ * ^?. CO J ta ■" el • U ° h ,he dfat ««~ c and 0 ar. equal to ea4 other and dSm«. *e thU^e^ 
cr depth dimension of the device. 

JST th8 f 'T POrti ° n ?! *° P ° int P that d ° eS 001 tr£nSm " the reflec,ed ra y (nontranmittable portion) is re- 
W y I Z^ , ?, Cp,ICa J J ens 58 ' ft is P° S£ible 10 P' a « ^e refracting optical lens 58 closer to the optical pafh 
from .he path-bending reflector 59 to the convex mirror 60. -t*un 

[042i] As is evident from, for example. Figs. 3 and 6, the entire area of the reflecting surface of the convex mirror is 
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not used to project light onto the screen, but the area of the reflecting surface for projecting the light is only one-hatt 
or less of the entire reflecting surface area. Accordingly, if such an unnecessary reflecting surface area (nonreflect.ng 
area) is removed as in the case of the convex mirror 60 shown in Fig. 44(c), it is possible to downsize the convex mmt 
accordingly and hence cut the manufacturing cost of the image display device and permit effective use of the I mited 
space inside the image display device. Further, two convex mirror, equally divided from one convex mirror obtained 
by rotational formation, can be used in two image display deices. This permits simplification of the manufactunng 

m423] S fnThl 9 p e rese P r!unvenSr S ,' since the refracting optical lens 58. the path-bending reflector 59 and the convex 
mirror 61 are arranged after their shapes are determined, it is necessary to accurately establ.sh optical paths w.th the 
Tbove-mentioned optical components held in place. Fig. 45 (a) is a top view and Fig. 45 (b) is a ^^^T^ 
45(al and 45(b) depict a retaining mechanism 74, which is used to hold the refracting optical lens 58, the path-bending 
reflector 59 and the convex mirror 60 as one piece. The use of such a retaining mechanism 74 allows ease .n accurately 
forming the optical path between the respective optical components with their positional relationships held as prede- 
termined. Further, the refracting optical lens 58. the reflector 59 and the convex mirror 60 are mounted aga, nst ^lo- 
cation by external stress or variations of various environmental conditions (temperature, humidity, etc.) This stabilizes 
the performance of the image display device. It is a matter of course that when the path-bending reflector 59 .s not 
used, only the refracting optical lens 58 and the convex mirror 60 can be held by the retaining mechanism. 
[0424] Moreover, the thickness or depth dimension of the image display device can also be suppressed by placing 
the oath-bending reflector between the first and second lens means of the refractive optical lens 58 as depicted in Fig^ 
44 instead of interposing the reflector 59 between the refracting optical lens 58 and the convex mirror 60 as "enhoned 
previously with reference to Embodiment 7. In Fig. 46 the parts identical with or corresponding, to those in Fig. .44 are 
identified by the same reference numerals. The light from the micro-mirror device (not shown) passes through the first 
lens means of the refracting optical lens 58 and is reflected by the path-bending reflector 59, thereafter passing through 
the second lens means of the lens 58 and traveling to the convex mirror 60. „, fra ,*,„„ 
[0425] In this instance, the distance g is the longest distance from the convex mirror placement plane to the refracting 
optica lens 58. To minimize the height of the under-the-screen portion that is the distance from , the owemnost end of 
the screen 18 to the optical axis 61 , It is preferable that the refracting optical lens 58 be spaced as far apart from the 
convex mirror 60 as possible so that the optical path of the reflected ray 75 from the convex m.rror 60 to the owermos 
end of ^ screen 1 8 is as close to the optical axis 61 as possible. The refracting optical lens 58 intercepts the optica, 
oath of the reflected ray 75 if it is lower than the highest point R of the exit surface of the refracting optical lens 58. To 
avoid this, the refracting optical lens 58 is disposed so that the shortest distance a between it and the convex mirror 
pTacement plane is as long as possible. Hence, in the case of Fig. 46, too, there is the optimum value for the distance 
f from the convex mirror placement plane to the exit pupil of the refracting opticallens 58 • 
[0426] Further, as in the case where the path-bending reflector is interposed between the refracting optical lens and 
the convex mirror the path-bending angle e needs to be minimized from the viewpoint of thickness reduction. With too 
smalf an angieX however, the first lens means will intercept the optical path from the path-bending reflector to the 
second lens means. This indicates that there is the optimum value for the angle 6 in the case of Fig 46, too. 
[0427] In Embodiments 7 and 1 0. a prism may be used as a substitute for the path-bending reflector. 

EMBODIMENT 11 

[0428] Fig 47 illustrates the configuration of an image display device according to an eleventh embodiment (Em- 
bodiment 11) of the present invention. For brevity sake, the illumination optical part, and the screen are not ahowrUn 
this embodiment, the lens diameters of the light receiving and emitting sides of the ref racting optical lens interposed 
between the micro-mirror device and the reflector are made smaller than the central lens diameter of the refracting 
optical lens to meet the Petzval's condition and establish an optical system advantageous for path-bend.ng con dmon^ 
[0429] In Fig. 47, reference numeral 14 denotes a micro-mirror device; 76 denotes a refracting optical lens (refracting 
optica part); 77 denotes aconvex mirror having a positive Petzval's sum contributing component; 78 denotes an optica 
axis common to the refracting optical lens 76 and the convex mirror 77; and 79 denotes a marginal ray of light that 
travels from the micro-mirror device 14 to the convex mirror 77. „^„„^ ora 
[04301 in the refracting optical lens 76, reference numeral 80 denotes a positive lens disposed at a positon where 
he marginal ray 79 is high, and 81 and 82 denote lens groups disposed at the entrance and exit sides of the positive 
lens 80 respectively. The light from the micro-mirror device 14 travels to the convex mirror 77 after passing through 
the entrance-side lens group 81 , the positive lens 80 and the exit-side lens group 82 in the order. 
[0431] Since the convex mirror 77 has the positive Petzval's contributing component as referred to previously with 
reference to Embodiment 5, the Petzval's sum of the entire projecting optical system is likely to go positive, causing a 
curvature of field. An increase in the Petzval's sum can be suppressed by minimizing the power of the positive lens 
forming the refracting optical lens 76. 
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[0432] This embodiment features the placement of the positive lens 80 at the position where the marginal ray 79 is 
high. That is, when the power of the positive lens 80 is reduced taking into account the Petzval's condition the effect 
of the lens action of the positive lens 80 is also lessened. With the positive lens 80 of small power placed at the position 
of high marginal ray where light spread out as viewed from the optical axis, it is easy to establish a correspondence 
between minute areas of the light receiving and emitting surfaces of the positive lens 80 and the rays passing through 
them. This permits more elaborate designing of the light receiving and emitting surfaces of the positive lens SO suffi- 
ciently enhancing its performance for the light passing therethrough. 

[0433] Contrary to Embodiment 9 in which the operational effect of the negative lens 72 is made virtually negligible 
by placing it at the position where the marginal ray 71 is low, this embodiment places the positive small power at the 
position where the marginal ray 79 is high, by which it is possible to suppress an increase of the Petzval's sum without 
impairing the lens action of the positive lens 80. This will be described below more specifically with reference to Fig 47 
[0434] In Fig. 47, the positive lens 80 at the center of the refracting optical lens 76 is a positive lens of positive power 
according to this embodiment, which is disposed at the position where the marginal ray 79 is high. With the provision 
of the entrance and exit side lens groups 81 and 82 of the positive lens 80 as shown, the marginal ray 79 in the positive 
lens 80 is increased. * 

<Numerical Value Example 11A> 

[0435] Fig. 48 is a table showing Numerical Value Example 11A of this embodiment. The specifications in Fig 48 
are f=-0.74 mm (focal length at a 546.1 nm wavelength), NA=0.1 7 (aperture number at the micro-mirror device side) 
Yob=14.2 mm (object height at the micro-mirror device side), and M=86.3 (magnification for projection). The definition 
of the asphencal configuration in Fig. 48 is the same as in Numerical Value Example 6A. 

[0436] Letting hi represent the height of the marginal ray 79 of light incident on the refracting optical lens 76 hm 
represent the maximum height of the marginal ray 79 of the light passing through the positive lens 80 at the center of 
the refracting optical lens 76, and ho represent the height of the marginal ray 76 of the light emitted from the refracting 
optical lens 76, these hi, hm and ho bear such relationships that satisfy 1 .05hkhm<3hi and 0.3hi<ho<1hi That is 
since 0.3hkho<1 hkhm/1 .05hi<3hi/1 .05hi, ho is the smallest among the three values that satisfy the above two ine- 
qualities, 

[0437] With the Fig. 47 configuration in which the lens diameter of the exit portion of the refracting optical lens it is 
possible not only to meet the Petzval's condition but also to place the refracting optical part closer to the optical path 
from the path-bending means to the reflector means than in the case of the larger lens diameter as described previously 
with respect of Embodiment 7; hence, there is also provided a margin in the range of insertion of the path-bendinq 
reflector without intercepting the optical path. The positive lens 80 may be formed by a plurality of lenses as described 
later on in respect of Fig. 55. 

[0438] As described above, according to this embodiment, the positive lens 80 is interposed between the micro- 
mirror device 1 4 and the convex mirror 77 at the place where the marginal ray 79 is high, and the power of the positive 
lens 80 is reduced to suppress an increase in the Petzval's sum of the optical system. Hence, it is possible to suppress 
the positive Petzval's sum contributing component of the projecting optical system through effective utilization of the 
lens action of the positive lens 80, permitting reduction of the curvature of field. 

[0439] Further, according to this Embodiment 11 , since the height hi of the marginal ray 79 of light incident to the 
refracting optical lens 76, the maximum height hm of the marginal ray 79 of light passing through the positive lens 80 
disposed intermediately of the refracting optical lens 76 and the height ho of the marginal ray 79 emitted from the 
refracting optical lens 76 are chosen to satisfy 1 .05hkhm<3hi and 0.3hkho<1 hi, it is possible to suppress the positive 
Petzval's sum contributing component of the projecting optical system, permitting reduction of the curvature of field 
[0440] Besides, according to this Embodiment 11 , by satisfying the relationships 1 .05hi<hm<3hi and 0 3hkho<1 hi 
the lens diameter of the exit portion of the refracting optical lens 76 can be reduced. This provides a margin in the 
range of insertion of the path-bending reflector. 

EMBODIMENT 12 

[0441] In Embodiment 4 the effective display area of the micro-mirror device 14 is disposed off the optical axis of an 
odd-order aspherical surface to reflect/transmit light except the central area of the odd-order aspherical surface (a 
point on the optical axis), projecting the light onto the screen 18. Since the central area about the optical axis is not 
used, the odd-order aspherical surface can be used, by which the degree of flexibility of the aspherical convex mirror 
increased to provide enhanced image formation performance. In this embodiment (Embodiment 12) the position of 
image formation in the peripheral portion is shifted in the direction of the optical axis relative to the position of image 
formation at the center of the optical axis to provide flexibility in the design of the optical system, thereby increasing 
the image formation performance. 
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[04421 Fig. 49 is a diagram showing image formation in a common optical system. In Fig. 49 reference numeral 14 
denotes a micro-mirror device disposed off the optical axis; 83 denotes a refracting optica, .ens (projecting opttca. 
means); 84 denotes a convex mirror (projecting optical means); 85 denotes a ^ 1 T^S!!^X1mZ 
Image-forming position at the center of the optical axis and perpendicular to the optical axis; and 86A and 86B denote 
imaae-forminq positions in the image formation plane 85. 

04431 T the optical system of Fig. 49. the image formation plane 85 is set in a plane perpendicular to the opttca. 
Relative to the image-forming position at the center of the optica, axis, and the off-axis image-fomn.ng positions 
86A and 86B are set in ^ he imag e formation plane 85. In a wide-angle optica, system, however rt is 
So image-forming positions in the same plane, and image-forming positions are displaced wrth ™0™*£^ 
Siting in the image surface being curved. The curvature of field can be reduced by such schemes descnbed previously 

with reference to Embodiments 5, 9 and 11 . . ^.^ 

£,444] In this embodiment, since the center of optical axis is not used, it does not matter even . the '^^'"9 
position at the center of the optical axis and the actual off-axis image-forming position differ from each other Fig. 50 
deplete an example of an optical system in which the image surface is curved. Reference numeral 87 denotes a re- 
f raSg optSans; 88 denotes a convex mirror; 89 denotes a curved image surface; and 90A and 90B denotes off- 

SSTS SS2 ^IgTothe point of this embodiment is that such a curvature of field as 
mage surface 89 is allowed in image formation. In this case, a lens configuration free from the «"«^ 
Petzval's condition is feasible to imp.ement. This relaxes the limitations on the refractive index and d^cta» 
> terfetic of the optical material for the refracting optical lens 87. increasing flexibility in rts des.gn and hence providing 
increased image formation performance. ^ _ f th . 

[0446] As described above, according to this embodiment, since the image-forming 

optica axis is set in a plane different from that in which the image-forming pos.t.on around ' the opttca. j «to. flextoHtty 
!, designing the refracting optical lens 87 increases, permitting implementation of an image display device of excellent 
5 image formation performance. 

EMBODIMENT 13 

[0447] This embodiment (Embodiment 1 3) is intended to further reduce the curvature of field 
o 044?] As shown in the numerical value examples described above, the peripheral portion of the convex : mirror « 
ketyobecome warped. The curvature of the convexminxratthe center of the optical axisu '^^^"J^ 
of the warped portion is concave. The reflector of the convex curvature diverges light, whereas the reflector of the 
concave cLatuie converges light. Accordingly, it is necessary, for the formation of an image on he screen that light 
from the Xcting optical part tor incidence to the convex mirror be convergent at the center of the optica. ax« but 

35 SSTiS ESSES*, fact M the lens, which produces a convergent bundle of rays at the center of 
the optical axis produces a convergent bundle of rays in the peripheral portion as wen It is eas.ly imuntt that 
much difficulty would be encountered in designing a refracting optical lens that meets the above-mended require- 
ments, in other words, the use of an ordinary refracting optical lens will develop a significant curvature of field Heme, 
^suppression of warpingof the peripheral portion of the convex mirror is highly effective ,r '• u »^' n 9»f^2S 
of field This embodiment is to prevent warping of the peripheral portion of the convex mirror by adding a pupil aberrat.on 
to the exist pupil of the refracting optical lens as will be described below. „ mh ^ lmo „ t ■„ Fta si 

[0450] Fig. 51 illustrates the configuration of the image display dev.ee according to th.s embodiment. In F.g_ 51 
reference numeral 91 denotes a refracting optical lens (refracting optical part); 92 denotes a convex mirror _wrthfts 
peripheral portion warped; 93 denotes a convex mirror with the warp of its penpheral port »n correc ted 94 denotes 
the optical axis common to the refracting optical lens 91 an the convex mirrors 92 and 93, 95 denotes an emitted ray 
nearfhe optical axis; 96 a ray reflected by the convex mirror from its peripheral port.cn; 97 denotes ex.st pup. of the 
rSLSn oPfical lens 91 forthe emitted ray 95; 98 denotes the exit pupil of the refracting optical lens 9 for the reflected 
ray 96; and 99 denotes a ray from the peripheral portion in the case of emanation from the exit pup.l 97. 
50 0451] Usually the emitted ray traveling near the optical axis 94 in Fig. 51 and the em«ed ray from the penphera. 
portion are both emitted from the exit pupil 97 of the refracting optical lens 91 as indicated by 95 end I 99JM >«l be 
seen from the re.ationships of the emitted ray 96. the convex mirrors 92 and the 93. in the case where the "tted >« 

96 is reflected by the convex mirror 92 and corrected for distortion, the exit pupil may be at the position indicated by 

97 but n the case where the emitted ray 96 in Fig. 51 is reflected by the convex mirror 93 w,th rts penpheral portion 
55 "warped and corrected for distortion, the exit pupil 97 near the center of the optical axis 94 and the exit pup.l 98 for 

the emitted ray from the peripheral portion need only to be intentionally shifted as depicted in Fig. 51 

[0452] By adjusting the position and angle of incidence of light to the convex m.rror 93 as descnbed above rt Is 

possible to prevent warping of the marginal portion of the convex mirror and hence suppress the curvature of field. 
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Incidentally, this feature is common to all the numerical value examples mentioned above. 
EMBODIMENT 14 

SnnThL S t emb ° dime r (Emb0diment 1 4 > is intendetJ tc P^vide increased image formation performance by allowing 
distortion that occurs in the refracting optical part in the vicinity of the center of the optics 

I 0 ™? 1 T' 9 ' 52 ' S explanat0, y of an ima 9 e di splay device according to this embodiment. Fig. 52 reference numeral 

iT; n Tzv:zi:-r denotes an opticai axis commcn ,o a ™«* m ° ^ ss. 

of me screen 100 ™ 9 * ^ * ^ ^ '** ^ * the ° ptica ' axis 1 01 crosses on| y ,he base 

[0455] In the optical system, since the constraint of distortion is a big factor in defining the image formation perform- 
L i™ ' S P °t S h S r Cr ? aSe ima9e ,Omia,i0n perfo ™ a -e ^ eliminating the constraint. When distorZoccu™ 
an image ,n the peripheral area of the screen is displayed distorted, or excessively large or small relative to the screen 
rarne^ To avoid this, the area subject to the influence of distortion needs to be minimized. 

ot 2th Inr t S a °K Ute , t a ' Ue °J di f ° rti ° n ' WhiCh iS pr ° duC6d by the projeclin 9 optical part - is leased within the range 
11? h ? L° PfiC !' 8X,S 101 th8t intersect£ ,he base of ,he screen 100 but does not intersect the other 

sides as depicted .n F,g. 52, and the absolute value of the distortion is held small in the area outside the circle As a 
result, the influence of the distortion can be limited only to the base of the screen 1 00, and near the other mree sWes 
images can be formed correctly in rectangular shape. 

!?! 5 nnti. £ !i Urthe VK he , di5 ?. rti0n tha< 0CCUrS in the ° p,ical Sys,em is def ined b y th « ratio of distortion to the distance from 

of oE? J£!Z n ,« V, T" am ° Unt ° f diSt ° rti0n inCreaSe£ With distance from the optical a * is ^en if the vaTue 
of optical distortion calculated ,n percentage is the same. From a visual perspective, a distorted image is not easily 

Sf" '" s 'de area of the display screen, but when the display screen boundary portion, whih ought to^e 

fn an'iln! h ? T T. 9 *° " *~ 0UtemOSt periphery °' th6 displav " is r^ciM V discernible 

inir f P 7 T ° thC PreSem inVenti ° n ' dis,ortion is produced for one si de nearthe optical axis, and hence 
ineanty of image formation is lost for this side; however, since the distance from the optical axis to this side fe short 

b™! 6 d ' h°m ^ th f t K° ther Sid6S ^ redUC6d and ,he b0undarv porttons al0 "9 the *ree sides So not ea°5 
ro«T tZ f l y , ° re0Ver ' tha op,ical 3X18 lies °" thi * ^de, linearity is not lost for the outside boundary portion 
5^2 , " P f rtlCUlarlv effective whe " Plural displays are used in combination as depicted in Fig 53 In 

Fig. 53, reference : numerals 100A to 1 0OF denote screens; 101Ato 101Fdenote optica, axes each which is common 
to a Projecting optical part (not shown) of each image display device and one of the screens 100A to 100F; and 1^A 
the screens"oVA!oToOF Um ran96S drdeS ab ° U ' *° ^ **** 101 A t0 101 F Versed onfy the bases of 

[0459] In such a multi-display as shown in Fig. 53, too, if distortions in the areas along other sides than the base are 

nZT S ri SUbStantia " f y 00 ° Ver ' aPPing °' piCtUreS ° r £plittin 9 of a pic,ure occu - * *. joints of display s^T 
[0460] The above conf,gurat.on is based on numerical calculations. Results of concrete numerical calculations will 
be given below as Numerical Value Example 14A. 

<Numerical Value Example 1 4A> 

EJ2 T' 5 t a " t 55 T 8 taWe Sh ° Win9 numerical data of th « example and a schematic diagram depicting the 
S of SSTSST NA 0 i°7? e nUmeriCa ' dat3 ' Specmcations in ^ « «• '=3 31 mm(focal length at a w'ave 
521^ 2t mo J / ■ I (m,Cr °- m,rror device sW e aperture number), Yob=1 4.65 (micro-mirror device side object 
height) and M=86.96 (projecting magnification). J 

S„' n h Fi9 ' 56 thare ara sr ? wn the resu| te of numerical calculations of distortion in Numerical Value Example 1 4A 

h^nnwlrtT 7 nthed ! St0rti0ninNumericalValueExam Ple4A for comparison with the distomoninth 
that allows d-stortion. As ,s evidentfrom Fig. 57, the distortion in Numerical Value Example 4A is approximately?? 

IthT 8 h h?™"*?' Va ' Ue EXamp ' e 1 4A Sh0W " in Fi9 - 56 ' distortion is up to £ in the range in 

wh.ch the .mage height is small which indicates the distance from the optical axis 

tnrtfnn '"f* 6 " 13 '* *• dis u ,0rtion P™*"* in the optical system in the device configuration designed to allow dis- 

rii M rr °, r by modi, r 9 the mirror surface that is use ° f ° r p**+™*» — ™« i, t he 

r „ m ,h 9 t P ay d8V,Ce Ca " be C0rr6Cted f ° r by distorti "9 the sha P e of ,he Plane mirror 22 hat reflects "gh 
from the projectmg optical system 17 to bend its optical path to the screen 18. 



EMBODIMENT 15 



f™ Jt h h S emb0diment f (pediment 15) implements two design ideas for the convex mirror, the one of which 
mcreases the environmental characteristic with respect to a temperature change and the other of which facilitates 
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alignment in th< assembling of the image display device embodiment Fig 58(a) is a side view of 

« *^SS^ ^—m- i i« <- -»> — «■> 

S2S*Sr!c 1 .—1 104F denotes .Irortt ctrrtttc. ol th, convex n*n» 104 M MM. ny « <8™ ta the 
[04S71 Releif.ce denotes ■ rear eutlece or the beck ot the convex mirror 104. 

^^^^^^^ 

rS^t^tS^^S \rp re «n.«Lp.««.»h lsr «e.04RThw..1epoe* te .op«»n, 
"tSTrvT^ h^o**, are., ,04L end 104H ih ft. eo-.ee. Che convex tnttto, ,04 

c- *i 

in Fig. 60(a). 



» marked with 1 - 
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the radius rH of thJ "hb* !f , L J? °Pt'cal-axis misalignment can be detected. This indicates that the value of 

moment h ' gh - refleCt ' Vrt V «~ needs onfy to be determined according to acceptable limits of optSLfe 

1 03A and 1 03B. P S thr0Ugh the centers of the refracting optical lenses 

^ U 3BTi W a^o n |li e ,h S ^ T '.T™ 111 ^ 112 PSSS thr ° U9h thecentere of the refracti "9 optical lenses 103A 

Sivity^O^olTol^ ft 0 "'" 16 " 1, SinC6 C0nV6X mirr ° r 104 has ln ite front 1°4F the .ow- 

EMBODIMENT 16 

77 I" 9 meanS) f ° r com P ensati "9 variations in the optical thickness of the cover class 1 S 

ssrs^ ts^^r^; pa ? r * e convex mirror 1252 

cnoea aoove. respect.vely, 78 denotes an optical axis common to the refracting optical lens 76 and the 
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?04901 Te mL-mirror device 14 has mounted .hereon the oover glass 114 for protecting the re lecfng surface 
torod bvmany micro-mirrors. Light from an illumination light source (not shown), which » made up of a *>*«nttng 
Zns a oaSoTte reflector and a condenser .ens, is incident to the reflecting surface of the m,cro-m.rror dev.ce 14 
Through ^e cove 0 ; glas s 114. And the light intensity-modulated by the reflecting surface passes through the cover glass 
1 14 and travels to the refracting optical lens 76 and the convex mirror 77. 

0491 By t e w ay , the thickness of the cover glass 114 does not always have a fixed standard vaiue birt .t sheid 
wtthin a tolerance defined by the difference between permissible maximum and m.n.mum values of th,ckness. Acxord 
Sthe cove glass usual* -has a differentthickness. Further, the standard value of thickness may some imes undergo 
a des gn cnange Since the light used in the image display device is certain to pass through the cover glass 1 such 
a thickness variation of the cover glass 114 affects the light passing therethrough, resultmg in the des.gn of optical 
olfthrouohout the optical system being determined by a different thickness of the cover glass 14 _ 

in this embodiment L compensator glass 115 is interposed between the illuminat.on ''flM «ourc» syrtem 
Sown) o) refracting optical lens 76 andthe cover glass 114 to compensate for the thcknessvanat.cn of the cover 

S£T Tdescription will be given, wfth reference to Fig. 62, of a scheme for compensating for the thickness variation 

t& e ^2££zs^iz™ - «**"- « «- — *™ \\r d r c T p : t : s etde 9 x a ni 

tSn* aimed, for simplicft/s sake, that the retractive index m of the cover glass 114 and the 

of the compensator glass 115 are equal (where n1=n2=n), but the refractive .ndexes may d,ffer as described later on. 



•Reference State 
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T04951 Fig 62(a) shows the case where the thickness t1 of the cover glass 114 has a reference value T1 Jr, i his 
nTL liaht is emitted from and reflected back to the micro-mirror device 1 4 covered with the cover glass 1 1 4 through 
hfcomoensato? Xs ^ 5 of a th^kness t2=T2. Accordingly, the light equivalently passes through a glass medium 
« riZtf T1 +T2 and a re ractive index n. Other optical systems such as the illumination light source system. 

— 77 «• with tne assumption that the giass medium of the 

thickness T1+T2 and the refractive index n is present. 
•Compensation Example 1 

T04961 Flo 62(b) shows the case where the thickness 11 of the cover glass 114 deviates from the » feren ^ va ' u « 
T1 ill an Sividua Zncs AT (AT containing a plus or minus sign) to T1 +AT. In this case the light ,s emmed f rom 
VnZr^to* to the micro-mirror device 14 covered with the covered glass 114 through the compensator glass 

££" TnJtTsinc^h'elum total of the thickness t1=T1 + AT of the cover glass 114 and the thickness ^=T1-AT of 
ne expense or glass 115 is the same as the thickness t=T1 + T2 as In the reference state, the £™ d 
reflectTd back to the micro-minor device 14 equivalent* passes through the glass medium of the 
and tne refracts index n. According*, although a variation AT is caused by the "^S^^^S^ 
ti of the cover glass 114, it is possible to cancel the variation AT can by changing the thickness t2 of the compensator 
glaJs 115 Swing the use of'the optical systems in their reference state without invoMng design changes. 

•Compensation Example 2 

104981 Fig 62(c) shows the case where the thickness t1 of the cover glass 114 design-changed from the reference 
STri t^anSr reference va.ue T3. In this case, light is emitted from and reflected back to ^mtcro^or dev.ee 
14 covered with the cover glass 114 through the compensator glass 115 of a th.ckness ^"^TI^-AT. 
04991 AsTthe case with Compensation Example 1, the sum total of the thickness t1=T1 + (T3-T1)=T1 + AT of the 
[0499] As ■ ine ^case H ' T f , h compensat0 r glass 115 is the same value t=T1+T2 m 

through the glass medium of the thickness t=T1 + T2 and the refractive .ndex n Accord ngty , al- 
Z oh 2 thfcSess deviation AT is caused by the design change of the thickness t1 of the cover glass 114 from the 
S^vS^^n^-*"- ^ cancel the thickness deviation AT by changing the thickness t2 of the com 
115 pending the use of the optical systems in their reference state without involving des.gr .changes^ 
?0500 be seen fromthe above, in this embodiment, depending on £ £ 

thickness t1 of the cover glass 1 1 4 increases or decreases from the reference value T1 . the re erence . vakn £2 of he 
thSness tt of the compensator g.ass 115 is decreased or increased by the variation (or dev.at.on) AT to obta.n the 
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10 



15 



fwed sum total t =T + T2. Hence, the glass medium of the ref iactive index n and the thickness t=T1 + T2 can be regarded 
as being equivalently mounted on the reflecting surface of the micro-mirror device 14. and the optical system^ heJ 
not I mTdl?,r an n ! T M ° f the Varia,ion < or ,hickness deviation . Of eou»KKS3I!S 

Sil l WhTe Ahe I f 1 4 bUl * 3,80 appliCab,e ,0 "•»"« ^ or other spatial light moZtor 

[0501] While in the above the cover glass 114 and the compensator glass 115 have been described to have th* 

Z?JTX?!T ' ? m ° re reaMStiC ,0 C ° nSider thS C ° Ve ^ lass 114 and tha com^ensa ofg" i?5t «^ 
' r ° ptlc T a th,ckness on ,he a^umption that they have different refractive indexes n1 and n2 

inn tin, ' S ' f. SS r in 9 that the cover 9 |ass 114 and the compensator glass 115 have optical thicknesses t1/n1 
and t2/n2, respectively, the thickness t2 and refractive index n2 of the compensator glass 115 are so chosJn as to 

fn^r^ 

[0503] With the use of a mechanism (compensator glass attaching and detaching mechanism) by which the com- 
pensator glass 1 15 ,s detachably mounted on the light-incident side of a lens-barrel (not shown) holding the refrartZ 
optical lens 76, the compensator glass 115 can be replaced with one that has the optimum t Sickness 0^00^ no 
to a change .n the thickness of the cover glass 11 4 or its thickness variation. th.ckness correspond^ 

<Numerical Value Example 1 6A> 

20 Kin bief. reSU " S °' nUmeriCa ' Ca ' CU,ati0nS in the case of usin 9 the compensator glass 115 will also be described 

Has r 9S K 63 V. 3 tab ' e Sh0Win9 numerical d ata of this example and a diagram depicting the device 

fL xlV y thS SamS reference numerals. The specifications in Fig. 63 are f=3.39 mm (focal length a 

the5461nmwavelength),NA=0.17(micro-mirrordev.cesidenumerica.aperture)Yob=14.65m^ 

SoS T£ £ Z 9 !T 5 k'T f0mler WaS Ca ' CU,ated aS bein 9 contained in th e ' a «er r V structure 
K mi J o % h mm kneSS ° f the Second surface is 9 iven as the su m °f the thicknesses of the cover 

glass 114 and the compensator glass 115. This is the result of correction for aberration made on the assum^on to 

In thi < I ,\ aCC ° rd,n9 ,0 thiS embodimen t there is disposed between the cover glass 1 14 mourned 
2* Tl h " 9 T ° micro - mirror device 14 a " d the refracting optical lens 76 or illumination lighTZ ce 

deSan T» .T^v^ Cover 9 ,ass which * -creased or decreased accQrd man,rfa«*ri,X3££ 
thro 9 ht 9 9ht ,S 6mltted fr ° m and refleCted back 10 the reflecti "9 »urface of the micro-mi 9 or dev"ce 14 

ruS^fH C0mPenSatOr ^ 115 ' ,hiCkneSS Variati0n 0f ,he cover 9' ass 114 «»" canceled and the reflSing 
« J t ° ,th ^ micro - mirror device 1 4 ca " ^ regarded as being protected byaglass medium ofafixedo^ 

[0508] Moreover, since provision is made to detachably mount the compensator glass 1 1 5 on the light-incident side 

onl , e h I 6 !! Z (n0t Sh ° Wn) h °' ding the re,raCtin9 ° ptical ,ens 76 ' the compensator glass 11 5 can £ rS2S wS 
one thathastheoptimumthickness correspondingly 
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EMBODIMENT 17 



th 9 ' * k* 9 Per£pec,,ve view of an ima 9e display device that uses the plane mirror 22 in Embodiment 1 (Fig 
6) and the path-bending reflector 59 in Embodiments 7 and 10 (Fig. 25 and others) The parte IdentkS wft for co™ 
spending to those in Figs. 6 and 25 are identified by the same reference nume J and S CvSyTate 

S^'.h T , under - ,he - screen P° rtto n of the image display device 116; and 118 denotes the horizontal 

bottom of the image display device 116. In Fig. 65 the plane in which the screen 18 and the convex mirror 60 are placed 
and the plane ,n when the plane mirror 22 is placed cross the bottom 118 at right angles. The plane that conTafns the 
SC P rtn T t t Cr0S£ES th ! b0tt ° m 118 diVid6S the ima9e *P»* device into halves. The \Zs « « to ne 
fosii? R f V " SX,S ,S n °T' t0 thS b ° tt0m 118> and the ^ axis is Perpendicular to the and y-axes 

L t Re,erance numeral 1 1 9 den °tes a ray that is reflected at a point P (third point) on the convex mirror (reflecting 

T^ JZ 6 P Z\° (Se H C ° nd P ° in,) ° n P ' ane mirr ° r 221 and 1 20 denotes a ra V «nat is rented 7t h pit Q 
on the plane mirrcr 22 toward a point R (first point) on the screen (display means) 1 8. The point R is on the base of a 
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square image display on the screen 18 (which base is paralle. to and Cose by the bottom 116) and is the ^remotest 
point from the center of the image. Reference numerals 121 and 1 22 denotes segments formed by projecting the rays 
«8 and 120 onto the bottom 118 from the V -axis direction, and points P, Q' and R' (third, second and f,rst points of 
oroiection) formed by projecting the points P,Q and R onto the bottom 118 from the v-axis direction 
5 ?0512 Fig S(b) shows a space (placement space) S defined by the points P, Q, R, P, Q' and R. in th.s embodiment 
attention is paid to the space S as a space for placement of the converging optical system and care Is taken not to 
increase the height of the under-the-screen portion 117. The rays 119 and 120 are rays corresponding to the , po.nt I R, 
if components of the converging optical system are so placed in the space S as not to shade the rays 119 and 120, 
they will not shade all the other rays. . ««f-\ K»in« 

10 [05131 Fig. 66 depicts the configuration of an image display device according to this embodiment F.g 66(a) being 
a fron view of the under-the-screen portion of the image display device as viewed from the H-ax.s d.rectior .and F.g^ 
66(b) a top plan view of the image display device as viewed from the V -axis d.recfon. The parts .dentical with or 
co responding to those, in Figs. 3, 6. 25 and 65 are identified by the same reference numera^ and ^aracters^.gs. 
67(a) and 67(b) show, in section, the image display device in the planes A-A' and B-B' perpendicularto the screen 1 8. 
is The plane B-B' is closer to the segment Q-Q' than the plane A-A'. imlnat ir.n 
105141 In Fig 66 reference numeral 123 denotes an illumination light source system (transmitting means .llum.nat.on 
light source part, principal part of converging optical system) composed of a luminous or light emitting element .11 l a 
parabolic minor 12 and a condenser lens 13; 124 denotes a color wheel (transmitting means, principal part . oT con- 
verging optical system) which sequentially colors rays (illumination light) from the illum.nat.on light source . syst em 123 
in three primary colors; 125 denotes a rod integrator (transmitting means, principal part o converging °P^*««2 
which receives light from the color wheel 1 24 on its plane of incidence and emits light « 

uniform from its pane of emission; 126 denotes a relay lens (transmitting means, principal part of converging optical 
svstem) which relays the light from the rod integrator 125. 

£ 5] Reference numerals 127 and 1 28 denote a second path-bending reflector (second path-bending means) and 
a third path-bending reflector (third path-bending means) characteristic of this embodiment; and J» ^enrtMa f«W 
lens (transmitting means) which launches the light from the relay lens 125 to the ^'cro-m-rror dev.ce (™rtt.ng 
means reflection type image infonmation imparting part) 1 4. The light from the relay lens 1 26 .s reflected by the second 
and third path-bending reflectors 127 and 128 in this order toward the field lens 129. »«„„, in ht 
[0516] Theconvergmgopticalsystemforgather^ 

source system 123, the color wheel 124, the rod integrator 125, the relay lens 1 26, the second and *.rd path-bend.ng 
reflectors 127 and 128, and the field lens 129; in particular, the illumination light source system 123. the color wheel 
124, the rod integrator 125 and the relay lens 126 will hereinafter be referred to as principal components of the con- 

rasi 7] 9 TeSe^cTn^meral 1 30 denotes an optical axis common to the principal components of the converging optical 
system, and 131 denotes an excess space in the image display device 116. In an ordinary image d^play device such 
an excess space is removed and hence is not regarded as a space where to place optical components In F 9- 66 We 
principal components of the light-gathering system are disposed in he space S with the optica ax* 130 he, I in parallel 
to the bottom 118 of the display device 116 andthe light receiving surface of the screen 18 for the reasons given , teto* 
[0518] When the illumination light source system 123 having the optical axis 130 in the honzontal plane inclines to 
a posiion 123A with an optical axis 130A and the angle 6 between the optical axes 130 ™"30A « " «^ * * 
prescribed value (15°. for instance) as depicted in Fig. 68. the internal temperature dust nbut.on of the H 
member 11 (short-arc discharge lamp) of the light source 123 goes out of spec, leading to red uc on f its service hte. 
This can be avoided by the above-mentioned arrangement. When turned about the ophcal ax.s 130, however, the 
illumination light source system 1 23 does not present any problem. k „ r „ nntat . 
[0519] Fig 69 depicts usage patterns of the image display device 116. In Fig. 69(a) the bottom 118 held horizontal 
n Fiq 69(b) the bottom 118 is held somewhat oblique to the horizontal plane, for example, when the .mage display 
device 116 s hung on a wall; and in Fig. 69(c) the bottom 118 is held somewhat oblique to the honzontal plane when 
the image display device is hung on a wall upside down. The above arrangement is to deal with such usage patterns 

of the imaqe display device 11 6. , 
[0520] Moreover, the Fig. 66 arrangement is aimed at reducing the thickness of the image display dev.ce 116 (min- 
imization of the size in the Jj-axis direction) and suppressing the height of the under-the-screen port.on 1 1 7 <™™**°n 
of the size of the under-the-screen portion 117 in the y-axis direction). W.th such an arrangement even rf the image 
display device 116 is tilted as depicted in Figs. 69(b) and 69(c), the illumination light source system 123 .8 turned about 
the optical axis 130: therefore, it is possible to deal with various usage patterns of the .rnage display device 11 6 without 
shortening the useful life of the illumination light source system 123. In this instance, as shown in Fig .61 'large opted 
components are placed in a region closer to the plane B-B' than that A-A' so that they do not shade the light (md.cated 
bv the hatch lines) from the convex minor 60 to the screen 18. 

[0521] Incidentally, as described previously with reference to Embodiments 7 and 1 0. the plane m.rror 22 is held in 
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parallel to the screen 1 8, and the positions of the refracting optical lens 58 and the micro-mirror device 14 are determined 
by the positions of the path-bending reflector 59 and the convex mirror 60 properly disposed with respect to the plane 
mirror 22. Accordingly, the second and third path-bending reflectors 127 and 128 are interposed between the relay 
lens 1 26 and the field lens 129 so that the light from the principal components of the converging optical system placed 
in the space S is incident to the micro-mirror device 14. The position of the second path-bending reflector 127 placed 
minor 60 path ' bendin 9 reflector 128 is set as low a * Possible so as not to shade the emitted light from the convex 

[0522] The reason for which the second and third path-bending reflectors 127 and 128 are disposed between the 
relay lens 126 and the field lens 129 is that although the relative positions of other optical components determined by 
optical condrtions such as image formation, the path length from the relay lens 1 26 to the field lens 1 29 can appropriately 
be determined by adjusting their focal lengths. y 
[0523] As described above, the principal part of the converging optical system is disposed in the space S with the 
optical axis 130 held in parallel to the bottom 118 and the screen 18 of the image display device 116, and second and 
third path-bending reflectors 127 and 1 28 transmit the light traveling from the relay lens 126 toward the field lens 129 
Wrth such an arrangement, it is possible to converge light from the principal part of the converging optical system in 
the space S onto the micro-mirror device 14 that is a reflecting type spatial light modulator 

[0524] The height of the under-the-screen portion 1 1 7 can also be suppressed by such a scheme as described just 
below. That is, when the optical axis 130. is set in parallel to the bottom 118, it is also likely that the height of the under- 
the-screen portion 117 (the position of the bottom 116 in the V -axis direction) is determined by such large-diameter 
components as the illumination light source system 123 and the color wheel 124. Then, the optical axis 130B of the 
principal part of the converging optical system, which is comprised of an illumination light source system 123B a color 
wheel 124B, a rod integrator 125B and a relay lens 126B, is tilted at an angle 6 as depicted in Fig. 70. Of cou'rse the 
tilt angle 6 is within a prescribed value of the illumination light source system 123B 

[0525] The optical axis 130B is tilted so that it is parallel to the screen 18 and that a point of intersection of the 
illum.nat.on light source system 123B and the optical axis 130B is higher than a point of intersection of the relay lens 
126B and the optical axis 130B in the y-axis direction (in the vertical direction). In this instance, care should be taken 
*n 6 an9 6 he ' d Within the P rescribed vallj e and that the illumination light source 12B and the color wheel 
124B will not shade the rays 119 and 120. As the optical axis 130B is tilted, the position of the second path-bending 
reflector 127B in the V -axis direction becomes lower and the positions of the illumination light source system 123B 
and the color wheel 124B in the y-axis direction become higher. And the height of the under-the-screen portion 117 is 
determined by the third path-bending reflector 1 28 at the lowest position. 

l°t? 6 l Furthermore - a hole 1 33 for receiving the third path-bending reflector 128 may also be made in an adjustment 
table 132 that is placed under the converging optical system to hold its components and makes adjustments to their 
positions (Fig. 71). This allows further reduction of the height of the under-the-screen portion 117 
[0527] While in the above the second and third path-bending reflectors 127 and 128 each have been described to 
be a plane mirror, this embodiment is not limited specifically thereto but each path-bending reflector may be formed 

^o« S CUfVed mirr0r By USi " 9 8 CUfVed mirr0r as at least one of the second and t^rd path-bending reflectors 
r«Z>L 1 contrlv ing its curved reflecting surface (optical surface), ray control can be effected with flexibility 
1 J fS „ ?! r ' 38 iS the 0386 With the P ath - bendi "3 ^fleeter 59 in Embodiments 7 and 1 0, at least one of the second 
and third path-bending reflectors 127 and 128 may be formed by a prism that has a plane or curved refracting surface 
(optical surface). 

[0529] By this, it is possible to boost various optical performance features such as the illumination eff iciency for the 
micro-mirror device 14, the image-foimation condition of the emitting surface of the rod integrator 125 for the micro- 
mirror device 14, the image-formation condition of the Fourier transform plane of the relay lens 126 system for the 
entrance pup.l of the refracting optical lens 58 and uniform illuminance distribution of illumination light of the micro- 
mirror device 14. 

[0530] As described above, according to this embodiment, the point R on the base of a square image displayed on 
the screen 18 and the farthest away from the center of the image, the point of reflection Q of the ray 120 on plane 
mirror 1 20 toward the point R. the point of reflection P of the ray 1 1 9 on the convex mirror 60 toward the point Q and 
the points P", Q' and R' of projection of the points P. Q and R onto the bottom 118 from the direction normal thereto are 
joined by segments to form the space S. in which the principal part of the converging optical system (in the Fig 66 
example the illumination light source system 123 to the relay lens 126) is disposed. This permits suppression of the 
height of the under-the-screen portion 117 within the range of the thickness or depth dimension of the image display 
device defined by the plane mirror 22 and the screen 18. 

[0531] Further, since this embodiment is provided with the second path-bending reflector 127 which reflects light 
from he pnnc.pal part of the converging optical system composed of the illumination light source system 123 to the 
re ay lens 1 26 and the third path-bending reflector 128 which launches the reflected light from he second path-bending 
reflector 127 to the micro-mirror device 14 through the field lens 129. light can be converged, by the principal part of 
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the converging optical system placed in the space S. to the micro-mirror device 1 4 that is a reflection type spatial light 

SPFurther, since the optical axis 130 of the principal part of the converging optical system is set in parallel to 
Kp Spbh 18 and the bottom 118 it is possible to adapt the image display device 116 for various usage patterns by 
^up^ng the ^h^t o?;e u„ 8 der,he-screen portion 117 without reducing the useful life of the illumination l.ght 

SSS ^hefsince the optical axis 1 30 of the principal part of the converging system is set in parallel to the screen 
8 and ft. S m 118 and is tifted within a prescribed value of the tilt angle of the "'—on 
23B so that the position of its light emitting member 11B in the y-axis direction is higher than the position of the relay 
p7 s 126B in the w-axis direction, it is possible to adapt the image display device 116 for vanous usage patterns by 
Lupp!ess!ng fte n^ht of fte under-the-screen portion 117 wrthout reducing the usefu. life of the il.uminat.on hght 

SrSes'since this embodiment is provided with the adjustment table 132 for su^^ 
system and for receiving the third path-bending reflector 128 in the hole 133, the he.ght of the under-the-screen 117 

S Trthefsince at least one of the second and third path-bending reflectors 1 27 and 128 is formed by a curved 
S various modifications of its curved surface configuration furnishes freedom of ray centre.. mak,ng ,t poss.ble te 

^ZZX^^^Z^^ - in F,g. 65(a) is divided £££T B 
two symmetric spaces S. It is recommended in this case to place the converging optical system ,n the one space S 
and other components such as the power supply in the other spaces mutator in the imaae 

r05371 Moreover in the case of using a liquid crystal or similar transmission type spatial light modulator .n the image 
Sv devtee H ecommended to employ a system configuration in which the converging optical components from 
iSS l^. system 123 to the field lens 129 of the common optica, ^l^Z^SZ 
S and the optical axis 130 is held substantially in parallel to the « plane as .n the cases of Figs • 6 Jand 70^for dirert 
incidence of light to the transmission type spatial light modulator without using the second and th.rd path-bending 

a known TIR prism (total interna, reflection prism) that transmits light from ^ third paft- 
honHinn rPfiector 1 28 to the micro-mirror device 1 4 and light from the latter to the refracting optical lens 58, th.s em- 
SSSiJSS applied as Z to a telecentric projecting optica, system in which the entrance pupi. of the refracting 
optical lens 58 is apparently at the point at infinity. 

EMBODIMENT 18 

[05391 While Embodiment 4 has been described to employ a refracting optical lens that is an injection molding of a 
£2 syletic resin, the convex mirror (projecting optica, means, reflecting part) used in each 
be formed of the plastic synthetic resin. As is the case with the refracting optical .ens, the use of th I*"*"*" a " ow ^ 
ease in forming an aspenerical er similar surface configuration of the convex m.rror and enables its low-cost, mass 

KSfS. important point in making the convex mirror of synthetic resin is measures against . ^*™^ n 
n env ronments where the image display device is actually used. A modification of the asphencal surface configuration 
a ftTenvextl^or displacement of the optica, axis by thermal expansion/shrinkage due te a temperature change 
wiH deg^e Z optical performance of the image display device. A description will be grven below of a convex mirror 
havina taken protective measures against temperature changes. „i„ h t~»nth 
45 [05411 Rg 72 schematically illustrates a convex mirror for use in the image display dev.ce according to an e-ghteen* 
emoodimeS (Embodiment 1 8) of the p resent invention. Figs. 72(a) and 72(b) are a front and a side v,ew of the convex 

reSSi in Flo 72 reference numeral 1 34 denotes generally a convex mirror (projecting optical means, reflecting part) 
made of sym^tteresin wSL convex mirror is the same as in the embodiments described above. Reference numeral 
T 35 denotes JhTopS axis of the convex mirror 134. The convex mirror 134 has such a shape that the nonref lecjmg 
Sion wmci does not project light (optical image signal) onto the scr~n, tecut 

1340 that is rotationally symmetric with respect to the optica. t^W'^^^Sl ^ee^SS 

of the convex mirror 134 from the front surface 134F to the rear surface 134R .s uniform (F.g. 72(b), see Embodiment 
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[0543] At the time of cutting off the nonref lecting part, first, second and third screwing parts 136. 1 37 jand 138 having 
crew holes 136H, 137H and 138H, respectively, are provided in the convex mirror 13^ ^^KTi 
secured to the image display device by screwing at the first to th.rd screwing parts 136 to 1 J 8 ^ de scnbed b^ow^ To 
minimize distortion of the reflecting surface of the convex mirror 134, the screwing parts 136 to 138 and the screw 
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holes 136H to 1 38H may preferably be formed simultaneously with the formation of the convex mirror 134 
[0544] Fig. 72(a) is a front elevation of the convex mirror 1 34 appearing square as viewed from the direction of the 
optical axis 135. The first screwing part 1 36 is disposed close to the optical axis 1 35. That is, the first screwing portion 
136 is positioned on the base of the convex mirror 134 at a location nearest the apex 135P (indicated by a cross in 
Fig. 72(a)) of the convex miner, defined by the front surface 1 34F and the optical axis 135, so that the eccentric distance 
from the optical axis 1 35 to the center of the screw hole 1 36H is minimized. The range of the eccentric distance will 
be described later. 

[0545] The first screwing part 1 36 is pivotally mounted at a position in a plane of the convex mirror 1 34 perpendicular 
to the optical axis 135 by a taper screw 139. a washer 139W and a nut 139N on the mounting surface of a convex 
mirror mounting mechanism (first reflecting part mounting mechanism) 140 fixed to the convex mirror 134 The pivotal 
mounting of the first screwing part 1 36 prevents complete freedom of movement of the convex mirror 1 34 except turning 
about the direction of insertion of the taper screw 139 into the screw hole 136H 

[0546] For such pivotal mounting of the first screwing part 1 36, a through hole of the mounting mechanism 140 and 
the screw hole 1 36H of the first screwing part 1 36 are so tapered as to snugly receive the taper screw 139. The taper 
screw 139 is inserted through the mounting mechanism 140 and the screw hole 136H and then tightened down bv 
means of the washer 139W and the nut 139N. The tapering of the through hole of the convex mirror mounting mech- 
amsm 140 and the screw hole 136H of the first screwing part 136 ensures pivotal mounting of the convex mirror 134 
on the .mage display device. After screwing, the tapered portion of the taper screw 139 remains in the convex mirror 
mounting mechanism 140 and the screw end portion projected out therefrom is fixed by the washer 139W and the nut 

I05471 « oT he SeCOnd and third screwin 9 P arts 1 37 and 1 38 are provided on the left- and right-hand sides of the convex 
mirror 134 in Its front elevation in Fig. 72(a) so that an isosceles triangle defined by segments joining the centers of 
the second and third screwing parts 137 and 138 and the convex-mirror apex 135P is maximized 
[0548] The second and third screwing parts 1 37 and 1 38 are each slidably mounted by a straight screw 1 41 on the 
mounting surface of a convex mirror mounting mechanism (second or third reflecting part mounting mechanism) 142 
of the image display device. The slidable mounting of the second and third screwing parts 1 37 and 138 allows them 
to slide on the mounting surface of the convex mirror mounting mechanism 142 upon occurrence of thermal expansion/ 
shnnkage of the convex mirror 134. 

I05 _? 9 ! „ /° r ! he S ' idable mountin 9' the diameters of the screw holes 137H and 1 38H of the second and third screwing 
parts 137 and 1 38 all have a diameter than that of the straight screw 141 . The mounting surface of the convex mirror 
mounting mechanism 1 42 is large in area and inclined in the direction of sliding of the second and third screwing parts 
137 and 1 38. The mounting surface being held in contact with the second and third screwing parts 1 37 and 138 The 
straight screw 141 is inserted through the convex mirror mounting mechanism 142 and the screw hole 137H (138H) 
and then tightened, for example, by a washer 141 W and a nut 141 N loosely to such an extent as to allow sliding of the 
screwing part 137 (1 38) on the mounting surface of the convex mounting mechanism 1 42 upon occurrence of thermal 
expans.cn/shnnkage of the convex mirror 1 34. To ensure smooth sliding movement of the screwing part, a lubrication 
layer containing a lubricant is interposed, as required, between the mounting surface of the convex mirror mounting 
mechanism 142 and thescrewing part 137 (136). 

[0550] As described above, this embodiment features that the convex mirror 134 is secured to the image displav 
device at three points by the first to third screwing parts 136 to 138 to thereby protect the convex mirror 134 from a 
rn^, ^ IT - Xt ' 3 descri P tion wi " be 9 lven of how the convex mirror 134 reacts to a temperature change 
[0551] Fig. 73 depicts how the convex mirror 1 34 at room temperature thermally expands with a temperature rise 
The components corresponding to those in Fig. 72 are indicated by similar reference numerals. In Fig. 73 the convex 
mirror 134 at room temperature and a thermally expanded convex mirror 134' are depicted one on the other The 
unprimed reference numerals indicate components of the convex mirror 134 at room temperature, and the primed 
reference numerals indicate components of the thermally expanded, convex mirror 134" 

[0552] In Fig. 73(a), the first screwing part 1 36 is pivotally secured at the position in the plane of the convex mirror 
134 perpendicular to the optical axis 135, and hence it serves as a steady point against stress deformation, applying 
stress of deformation by thermal expansion to other parts of the convex mirror 134. In this case, displacement of the 
optical axis 35 can be minimized since the first screwing part 136 is provided in proximity to the optical axis 135 with 
a predetermined eccentric distance therebetween. 

lu^L J he stresses resultin 9 from thermal expansion by a temperature change are converted to displacement of 
the slidably mounted second and third screwing parts 137 and 138. Fig. 73(b) depicts on an enlarged basis the third 
screwing part at room temperature (indicated by the broken lines) and the third screwing part 138' thermally expanded 
to a maximum (indicated by the solid lines). 

[0554] As referred to previously, since the diameter of the screw hole 138H (137H) of the third screwing part 138 is 
larger than the diameter of the straight screw 141 , the third screwing part 138 slides along the mounting surface of the 
convex mirrormounting mechanism 1 42. Accordingly, as temperature changes or rises, theconvex mirror 134 thermally 
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expands but rts front surface 1 34F does not change its surface configuration. This prevents degradatton of the optical 
performance of the image disp.ay device by the temperature change. Of course, the 8 ™*£ e «*°™*^^ 
r055Bl As will be understood from Fig. 73(c). the relative diameters of the screw hole 138H and the straight screw 
41 cn on temperature specifications of the image disp.ay SP-SKS 

relationship between the screw hole 138H' at the time of maximum expansion and the screw hole 138H *™»™» 
of minimum shrinkage (the amount of displacement of the screw hole 1 38). The diameters of the screw hole 1 37H and 
the straiaht screw 142 relative to each other can similarly be determined. 

S£T 'ncS-talV, the eccentric distance of the first screwing part 136 from the c ^^^ZtZZ 
termined by such a scheme as described below. Fig. 74 is a diagram for explaining a displacement^ I o * e 
m^orTpex 135P produced when the convex mirror 134 was turned about the first screwing part 136 o the eccentnc 
^n C6 EXC The components corresponding to those in Fig. 72 are identified by similar reference numerals. 
mssT IfnceThe convex mt>M34 is pivotal* secured by the first screwing part 136, the position of the convex- 
KS JSpTs dso deteZned by the first screwing part 1 36. Accordingly, in the assembling of the image display 
SS^^L convex-mirror apex 1 35P is produced at the time of plvota. mounting of the first 

S2T-KS te 3 as depicted in Fig. 74(a). when the convex mirror 1 34 is turned an angle 6 about the screw hole 136H 
Hingis hi :convefmirror a^ex S£p by the eccentric distance EXC. the ^^ff^SS^ 
apex 135P in the perpendicular direction is caused by an assembling error. In view of th.s rt ls ^^^^ 
r e rrninetheeccentricdistanceEXCofthefirstscrewingpa rt 136fromthes^ 

ar^ronhe'ming error 6 in the assembling step so that the displacement £M ^" "^ 0)] Rg 74(b) 

rn«oi in Fia 74(a1 the displacement A(6) of the optical axis 1 35 is given by A(6)=EXC-[1 -cos(e-n/1 80)]. Fig. 74(D) 
22 based'onIS equation the relationship between the turning error 6 and the displacement A<6), for example. 

S^me^ 

value of the displacement A(6) is 0.1 mm. Since A(e)<0.02 mm for 6=2 deg. as .ndicated by the curve i n Fig. 74(b).^ 
will be seen that the convex mirror 1 34 with the eccentric distance EXC of the first screwing part 1 36 set to 20 mm has 

mLr apex 135P. Naturally, in this case the displacement A(6) of the convex-m.rror apex 135P does not occur, and 
conseauentlv the convex mirror 134 can be held in more ideal conditions. Q , 0 ..rfo~» 
TO5621 Tro. 72 the first to third screwing parts 136 to 138 are shown to be further to the side of the rear surface 
34R^ 

2 ^13142 maintain the geometries of the front surface 134F formed with high precision and, at the 
^am" direct the stress applied to the convex mirror 134 by a temperature change to the rear surface 134R, 
chants surface configurator,. Thus, the front surface 134F is kept insusceptible to a ^^^Z^ 
S Though described above to have the configuration depicted in Fig. 72. the convex m.rror 134 ,s not limited 

against l2£ZTc^ The parts" corresponding to those in Fig. 72 are identified by the same reference nu- 

rafiffil' In Fia 75(a) the first screwing part 136 is substituted wtth a recess 144 formed in the lower marginal edge of 

downward by a pair of springs 1 43 anchored at one end thereto on both sides of the recess 1 44 to press rt against tne 

SriX 0 75(bnhe first screwing part 136 is substituted with a protrusion 146 formec MnJ-l lower marginal edge 
of the convex mirror 134 for forced engagement with a V-shaped groove of a V-grooved support 147. As .s the case 
lh "^72^) thTconvex mirror 134 is normally biased downward by the pair of springs 143 pranged on both sides 
rthe V-gfooved support 147 to press the protrusion 146 against the V-shaped groove of the support U7. In , th* 
Itence, positioning of the convex-mirror apex 135P at the center of the arcuate protrusion 146 ' "J^^J" 
mentioned eccentric distance to zero as depicted in Fig. 74, holding the convex m.rror 134 in more ideal ™n™ons. 
[05671 Fig. 75(c) depicts still another modified form, in which the second and th.rd screwing 137 and M 38 are 
disposed on the upper side of the convex mirror 134 opposite the first screwing part 136. in which case the same 

;£errn e « 

as shown in Fig. 76. by a pair of springs 143 anchored at one end to spnng retainers 146A and 146B and at the other 

W5691 0 "ln thiscase the point Ps is located higher than the first screwing part 1 36. and the tensile forces of the s Pri"9S 
Kr tile invS ^JEmS are adjusted to" be in balance. This distributes the stresses, which concentrate at the 
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SETT'S part J 36, t0 the sprin 9 s 143 - Priding increased reliability for the first screwing part 136 

2, ££Z nbedabove ' ^cording tothis embodiment, the convex mirror is made of synthetic resin. This facilitates 

molding of the convex mirror, and enables mass-production of such convex mirrors at low cost 

oivota lv ™h fnT?" 9 t0 l hiS emb ° diment - the C0nV6X mirr ° r 134 is provided with: the fifst mowing part 136 
ZTllZZ ^ S ' de °' thG C ° nVeX mirr ° r 134 at ,he posi,ion the Predetermined eccentric distance EXC 

ZoM 3 T^^ 

mirror 134, and the third screwing part 138 slidably held on the right-hand side of the convex mirror 134 With such an 

aZ^^bvtherm^rf': ST*? TT" ° f COnVeX 134 and ^-Placement ZZZSZSZ 

£!L TJ? h T ex P a ™on/contraction due to a temperature change; accordingly, the optical performance of the 
image display device can be prevented from degradation. 

Er, 1 S rther ' accordi " 9 l ° this embodi ment. since the convex mirror mounting mechanism 1 40 and the first screw- 
Tf , t areSCreWedby,h6teperscrew139andhaveta P^d screws that conform to the taper o^ 
139, the first screwing part 136 can be pivotally secured to the convex mirror 134 

ESLS£i^. aCC °«* nfl t0 thiS embodimem ' the convex rnirror 134 is provided with: the recess 144 formed in the 
lower marginal edge of the convex mirror 134 at the position the predetermined eccentric distance EXC away from he 

at°o n r::rT e ^ 

the sLond ° ri t C0 ; VeX m,rrOM34 T b ° th Sid6S °' the receSS 144 ,or pullin 9 the convex mirror 134 downward; and 
he second and third screwing parts 137 and 138 slidably held on the convex mirror 134. With such an arrangement 

L the TT d ?. f0rlTlation of the convex mirror 1 34 and displacement of the convex-mirror apex Tssp 

by thermal expansion/contraction due to a temperature change; accordingly, the optical performance of the image 
display device can be prevented from degradation. 9 

!S nriHT' aCC ° rding I 0 this embodiment, the convex mirror 134 is provided with: the arcuate protnision 146 
formed on the lower s,de of the convex mirror 1 34 in proximity to the convex-mirror apex 135P; the V-grooved support 
147 for receiving the protrusion 145 in its V-shaped groove; the two springs 143 anchored at one end to the convex 
Zwi °^ ^ Side J\o Pr ° trUSi0n 146 f ° r PU " in9 the COnvex mi ™ 134 d ° w ™ard; and the second and S 
ZT.ZTllr 1 V" SMably heM °" ,he COnvex mirror 134 " Such an arrangement a.so makes it possib e to 
prevent deformation of the convex mirror 1 34 and displacement of the convex-mirror apex 1 35P by theimal expansion/ 

^SS^^SST 9 chan9e: acco,din9,y ' the optical perf ~ of the ima9e z ^ 22 

SI!? FUrther ' ^""l? t0 thiS ernbodiment ' the ^o s P ri n9s 1 43 are provided which are anchored at one end to 

JST^^T ° n ' Side ! °' tHe ,iret SCr6Win9 Part 136 and at the other end to a common spring rttaSng 
point With such an arrangement, when the image display device is placed upside down, the stresses that concentrate 
onthejirst screwy 

[0576] Further, according to this embodiment, since the screwing parts 136, 137 and 138 are held in contact with 

SSL'^I!" M ° f C0nV6X mirr ° r 134 thr ° U9h the — mirror ™ unti " 9 mechanic Zo ZwTe 
reflecting surface of the convex mirror 134 can be disposed with high precision 

optical ax^^SS thTsen^im 6 TT ""T T h " ^ t0 be rotati °" a "y symmetric with respect to the 

as'yml^^^ 

Se two h or n more e,S " *" SCreWi " 9 137 3nd 138 are " 0t limited specifically to one but may 

EMBODIMENT 19 

! Qf^h™In t Chema t tiCally "! UatrateS a " ima9e disp,ay device wording to a nineteenth embodiment (Embodiment 
n«L , m ° n ' Wh ' Ch a ' S ° ad ° PtS meaSUreS a9ainst a ' a mperature change. For brevity sake the Z 

nation light source system, the convex mirror and components following it are not shown 

[0580] In F,g. 77 reference numeral 1 48 denotes a micro-mirror device (transmitting means, image information kit- 
the optical ax* of the refracting optical lens 149; and 151 denotes an optical base (retaining mechanism) on which the 

STSZoS? r refraCtin9 ° PtiCa ' ' enS 1 49 and ° ther ° ptfeal components are mounted The opttZe 
Path bend n^ rJ. t h'™ 9 meChanism 74 depicted in Fig. 45 (see Embodiment 10), and holds, as one piece 
path-bending reflectors and a convex mirror (not shown), including the micro-mirror device 148 in this case. 
[0581] Reference numerals 152 and 153 denote two supports fixed to the optical base 151 by which the refractina 

£ in h n H 9 , S Sli ^' y SUPP ° rted - The refraCtinS ° p,ical ,ens 149 is adapted 10 bes.idab.eon h rsu P poL?S 
153 in the direction of the optical axis 150. ana 

[0582] Reference numeral 154 denotes a mounting plate fixed to the optical base 151 ; 155 denotes a mounting plate 
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fixed to the underside of the refracting optical lens 149; and 156 denotes a piezoelectric element that changes Its length 
in the direction of the optical axis 150 acre rding to a DC control voltage from a power supply (not shown) The p.ezo- 
Sectric element 156 is held between the mounting plates 154 and 155 that are disposed between the sliding supports 

Io5 2 83j d The light (optical image signal) emitted from the micro-mirror device 1 48 travels through the ref racting .optical 
ens 149 to the convex mirror, the plane mirror and thescreen (though not shown) as described previously w.h reference 
totheforegoingembodimentsJnthisinstance.evenifth^^ 

for example, at room temperature, the image may sometimes become out of focus due to an ambient temperature 

W%' This defocusing is caused by different spacing of respective lens groups and respective lenses in the refracting 
optica lens 149 and different temperature distributions and coefficients of linear expansion of the o P t.cal base 15 and 
respective optical components mounted on the optical base 151; that is, the defocusing phenomenon ,s attnbutable 
to displacement of the relative positions of the optical components owingto different degrees o ^eirtheirml expanse 
or contraction in the direction of the optical axis 150. A particularly important issue with this 'Phenomenon '"change 
in the distance UO from the micro-mirror device 148 to the refracting optical lens 149 .n the d.rec ion , of the opt.cal I axis 
50 It is well-known from the results of numerical analysis that the change in the length LO significantly affects the 
defocusing phenomenon. This involves two factors, one is that the distance LO forthe optimum focus changes to LOA 
due to temperature variations of lenses, and the other is that the distance LO itself physically changes to LOB due to 
a temperature change. In this instance, when the relationship L0A=L0B is maintained regardless of a temperature 
change, no defocusing will occur. When such relationship is not maintained, defocusing will occur. . 
[0585] To compensate forthe change in the distance LOB-LOA in Fig. 77, this embodiment employs ^ezoelecWc 
element 156 whose length can be adjusted by a control voltage in the direction of the opt.cal ax,s 150. That la IntUal 
focus adjustment is made with the piezoelectric element 1 56 supplied with an initial offset of the control vottage^And 
the control voltage to be applied to the piezoelectric element 1 56 is increased or decreased according to a temperature 

25 change in the use environment of the image display device. _ 

[0586] As the length of the piezoelectric element 156 is thus changed, the distance between the mounting plates 
154 and 155 holding the piezoelectric element 156 between them is changed, and consequently the refracting opttcal 
lens 149 slides along the optical axis 150 on the sliding supports 152 and 153. 

0587] For example, when the distance LOB-LOA becomes longer than the initially adjusted value due to a temper- 
ature change, the control voltage is decreased to reduce the length of the piezoelectric element 156. As a result the 
refracting optical lens 149 slides on the sliding supports 152 and 153 toward the micro-mirror device 148 along the 
optical axis 150; hence, the distance L0 aftected by the temperature change returns to the initially adjusted va ue _ 
f05881 When he distance LOB-LOA becomes shorter than the initially adjusted value, the control voltage is .ncreased 
to Seas^he ength of the piezoelectric eiement 156. As a resuit, the refracting optica, lens 149 slides on »« , shding 
supports 1 52 and 1 53 away from the micro-mirror device 1 48 along the optical axis 1 50; hence, the distance L0 affected 
by the temperature change returns to the initially adjusted value. rflBtall «, . n whirh 

[0589] As described above, the Fig. 77 structure is adapted to compensate for the change in the distance L0. which 
significantly affects defocusing, by controlling the control voltage that is applied to the piezoelectric element Hence, 
defocusing by the temperature change can be controlled. ,.«,„__ r*. 

AO [0590] Fig. 78 illustrates another arrangement that implements the measures against the temperature change re- 
sponsible for defocusing. The parts and components corresponding to those in Rg. 77 are identrf.ed by the same 
Sn^ numerals. ForLvity sake, theiliumination light source system, the convex mirror and the opt«a. components 

SEP InRg'e Snce numeral 157 denotes a gear support fixedly planted on the optical base 
45 he re racting optical lens 149 in the direction of the optical axis 150 precisely without much play in that d .action by a 
gear mechanism 1 57G containing a motor and so forth. Reference numerals 158 and 159 denote temperature sensors 
forsensing the lens-barrel temperature^ of the refracting optical lens 149 and the temperature T2 of the optical base 

rOSMT^Sference numeral 1 60 denotes a heater/cooler for heating/cooling the optical base 151 , such as a Peltier 
50 See. Reterence numeral 161 denotes a control unit such as a CPU. which effects feedback control of the gear 
mechanism 1 57G and the heater/cooler 1 60 according to the temperatures T1 and T2. 

S While £ Fig. 77 example utilizes the piezoelectric element to adjust the distance LOB-LOA .exampte 
uses the gear mechanism 157G to move the refracting optical lens 1 49 in the direcfon of the epical a*s 150 .to ^djust 
the distance LOB-LOA. The arrangement ol Fig. 78 also produces the same effects as those obta.nable wrth the F.g. 

55 WS^TheFig 78 example features feedback control of the gear mechanism 157G and the heater/cooler 160 by 
Se^ntroTuna 161 according to the temperatures T1 and T2 of the refracting optica, lens 149 and the opfcal base 
151 that are sensed in real time by the temperature sensors 158 and 159. 
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«i ! coefficients of linear expansion of the lens barrel of the refracting optical lens 149 and the optical base 

161 be represented by p1 and P 2, respectively, the length of the refracting lens 149 from its light receiving surface to 

„f h^th Mh f 9 T SUPP ° rt 157 in the direCti ° n ° f the 0ptica, ml * 1 50 b * L1 < where L0+L1 =L2) and the temperatures 
! re raC, ' n9 0pt,Ca ' ' enS 1 49 and the °P ,ical base 151 durin 9 the initial focus adjustment by TO 
n h CaSe whe ^ m P erature gradients occur in the image display device placed in its use environment and 
the length L0 changes to L0B=L0 + AL0, the temperature sensors 1 58 and 159 sense the temperatures of the refracting 
t£S» iT* I T ° P J Cal baSe 151 • Let the thUS Sensed temperatures be represented by T1 and T2 (where 
thltl h T' 8 f " 9 V ati ° n AL ° B iS 9iVe " by 4L0B=L2. P 2.(T2-T0)-L1 -p1 -(T1 -TO). The length variation ALOB 
hat prov.des opt,mum focusing at the lens-barrel temperature T1 is prestored in the control unit 161 
[0597] The control unit 1 61 calculates the physical length variation ALOB, and adjusts the gear mechanism 1 57G to 
compensate for the length LO so that an optical focus shift amount ALOB-ALOA is reduced to zero. As a rasutt the 
refracting opt.cal lens 149 is moved in the direction of the optical axis 150 by the gear mechanism 157G in such a 
Znl^nf ° Pt ! Cal ' OCUS Shift am ° Unt AL0B - AL0A < focus compensation amount), thereby holding the 

ZZlr Z t °" f K C £ 6n <n0t Sh ° Wn) inde P endent| y ° f the temperature change in the use environment. Of course, 
rnL« mecnanlsm 1 57G ma V als ° be driven by a control voltage as is the piezoelectric element 1 56 
[0598 Upon receiving information about the temperatures T1 and T2 from the temperature sensors' 158 and 159 

LJ thrn! il T, V T ' ntentiona,l >' heat/c °°' the °P tica ' «1 by the heater/cooler 1 60 to contro. the distance 
L2 through ut.l.zat,on of thermal expansion/contraction of the optical base 151 instead of controlling the distance LO 
°2 h ad i us tment of the gear mechanism 157G. This also suppresses the temperature gradients that are responsible 
!n thnsrenvirrnment 06 ima96 f ° CUS °" *" SCfeen m Sh ° Wn) inde P endent 'y of temperature variations 

f^m hi nl Cidenta ^ , J t l S P0SSib ' 6 10 USe eith6r ° ne ° r b0th of the 9 ear "echanism 157G and the heater/cooler 160 
in combination with the temperature sensors 158-159 and the control unit 161 

[0600] No particular limitations are imposed on the numbers and positions of temperature sensors and heater/cooler 
comDinations. 

ESS 1 - 11 V"? P ° SS i ble t0 heat/C00 ' the refractin 9 °P tical lens 14 9 by the heater/cooler 160 within the range over 
which no particular problem arises in terms of the performance of the image display device 

[0602] The combination of the temperature sensors 158-159 in Fig. 78 and the control unit 161 in Fig 77 can be 
used in place of the piezoelectric element 156 in Fig. 75 for example. 

£!!!?th M ° reove f r ' * ince the temperatures T1 and T2 sensed by the temperature sensors 1 58 and 159 do not always 
reflect the focus of the jmage, it is possible to provide a learning mechanism in the control unit 161 to take measures 
against temperature changes. 

[0604] That e, an operator makes initial focus amendments to the image display device at a certain environmental 
temperature T3, and stores in the control unit 1 61 the length [LO^ at that time. Following this, the operator makes 

n T ° CUS amendments at an environmental temperatureT4 (*T3), and stores in the control unit 161 the length 

L lu Jt4 31 * n,s time as well. 57 

SrJX ^E?nT ?i "ZOO" a " in,er P° ,ation relation b V linear interpo.ation from two focus-adjustment 
points (T3,[L0] T3 ) and (T4.IL0}™). And the control unit 1 61 senses, by a temperature sensor, an arbitrary environmental 
temperature Tx of the image display device placed in the actual environment, then calculates the optimum length [LOW 
™™!nTTT, tempera i ure Tx from the interpolation relation, and compensates for the length LO (amount o? 
compensat.cn for defocus.ng) by the piezoelectric element 156 or gear mechanism 157G 

[0606] By performing the learning step three or more times n (three or more focus-adjustment points) and deriving 

S!! °r m relationshl 'P between " values ° f the optimum lengths corresponding to the respective 

temperatures, the image can be corrected for defocusing with more accuracy. 

[0607] In this learning control system, since the operator visually checks environmental temperatures and the focuses 
Tr" l«c e H ° ne corres P° ndence basis an ° stores them in the control unit 161 , the focus adjustment can be made with 
Sr^^ * # ^ * ^ "» ^ ^ " aa * — 

[0608] Further, for the same reasons as given in respect of the learning control system, ft is possible to detect the 

ft n?l°. k S I" 1396 1 °. bG *Z P ' ayed °" the SCreen and eflect feedback control based °" the focus information instead 
of using the temperatures T1 and T2 that do not always reflect defocusing 

™ 1 'S' ?9 t i " ustrates an °ther modification of the image display device according to this embodiment. The parts 
correspond.ng to those ,n Figs. 77 and 78 are identified by the same reference numerals 

K 01 IT F J 9 ' 7 l r f erence numeral 1 62 denotes the convex mirror (projecting optical means, reflecting part) used 
m^n^h T? 8b0Ve: 1 63 den ° teS 8 P ' ane ""^{Embodiment 1 ); and 164 denotes a screen (display 

means). The d.splay .mage on the screen 1 64 is an overlay indication, which is divided to an image display area 165 

whin ?ZT 9 T y r 8 \? 6 T 0r eXamp,e ' the C3Se ° f a 1 dot display screen of XGA Standards, 
when 12 dots are reduced on all sides of the image, the display image area 165 become 1000-by-744 dots and the 
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non.image-disp.ay area 166 becomes a 12-dotw.de ^^^^Zes^^^6 devfce or CCD. 

SUS Sit ,«U*g surt.ce »l CCD 16., wnict, R«K« m «»lonM in p»c«», »r.a the ord.n.l. .epre- 
SSl"*?,, ^STStt) I. MIC) clones »».c*r Cm «nd 0~1 MM. Mh »d (o»-1)-«; (•*«. n»1 . «. - •> £«» 
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?? fU !!r? h ,. ha " maximum va,ue FWHMm + 1 available from the <m + 1 )-th focus information becomes smaller than the 
full width half maximum value FWHMm from the m-th focus information. In the case of Fig. 80(c) the control unit 161 
effects feedback control of the refracting optical lens 149 so that the shoulder gradient GRADm+1 available from the 
™ JJ, £ CUS in,orniation becomes larger than the shoulder gradient GRADm from the m-th focus information 
0627] Of course, the width that provides a predetermined level in the focus information (width of a predetermined 
S, ma ! r mm,m,2ed t0 other wi <*hs than the full width half maximum, such as a 1/e* width or a 1/1 0 intensity width 
[0628] In any case of Figs 80(a) to 80(c), the focus of the image that is displayed in the image display area 1 65 can 
be adjusted through utilization of the focus information available in CCD 1 68 

[0629] In Fig. 79(a) the miniature reflector 1 67 and CCD 1 68 are placed in the non-image-display area 166 but when 
the cabinet (md.cated by the two-dot chain line) of the image display device is placed in the closest proximity to the 
edge of the image display area 165 as depicted in Fig. 79(b), the miniature reflector 167 Is particularly effective That 
Is, in such a limited situation by the cabinet it is possible to place the miniature reflector 1 67 and CCD 1 68 in the cabinet 

S ^! dm9 the H9ht t0 be P r °J' ected ont0 tne ima 9e display area 1 65 and detect the focus information. 
[0630] The positions of the miniature reflector 167 and CCD 168 need to fulfill such conditions as mentioned below. 

1 . Place the miniature reflector 167 at a location some distance from the screen 164 

2 Make the distance between the miniature reflector 1 67 and CCD 1 6B equal to the optical path from the miniature 
reflector 1 67 to the screen 1 64. 

L 0631 , 1 ?1 S „ 0 P° ssible ' of course - to detect ,he illuminance distribution of light corresponding to one dot directly 
by only CCD 1 68 placed at an arbitrary location in the non-image-display area 166 as depicted in Fig 81 
[0632] A display pattern forfocus adjustment use may be a linear or cross-shaped display image otherthan the one- 
dot display image. 

vanSon S N ° W " deS ° ripti ° n Wi " be given of a numerical value example related to the measures against temperature 

[0634] While in the above the whole structure of the refracting optical lens 149 is moved for focus adjustment this 
embodiment is not limited specifically thereto. Since the refracting lens 149 is made up of a plurality of lenses as 
referredto above, the focus adjustment could similarly be performed by shifting some of the lenses forming the refracting 
op ical lens 149 or the convex mirror 1 62 by such a method as described previously with reference to Figs 77 to 80 
n the case of shifting the convex mirror 162, the gear support 157 equipped with the gear mechanism 157G is used 
to hold the convex mirror and the gear mechanism 1 57G is driven. 

[0635] For example, the configuration of the image display device (Fig. 55) referred to in connection with Numerical 
Value Example 14A K depicted again in Rg 82 The resu|ts Qf numerica| ca | CU | ations nave revealed mat when the 
enses 1 49A, 1 49B and 1 49C(not shown in Fig. 82), which are closer to the convex mirror (not shown) than any other 
enses forming the refracting optical lens 1 49, are moved in the direction of the optical axis 1 50, a change in the distance 
LO from the micro-mirror device 1 48 to the refracting optical lens 1 49 can be compensated for with the degradation of 
the image formation performance kept to a minimum. 

[0636] Finally, a description will be given below of the measures against temperature variations that cause displace- 
ments of the respective components in the direction perpendicular thereto 

[0637] As depicted in Fig. 83, the displacements of the respective components on the optical base (retaining mech- 
anism) 151 in the perpendicular direction (in the direction of the normal to the optical base 151), which are caused by 
temperature vanations. could be settled by making such a design that the sliding supports 1 52 and 153 of the refracting 
optical lens 149 and the support 1 69 for fixedly supporting the convex mirror 1 62 to the optical base 1 51 are equal in 
the product of the height and the coefficient of linear expansion in the perpendicular direction 
[0638] As a result, all the components are equally displaced vertically by a temperature change. This prevents mis- 
alignment of the optical axis 150 in the vertical direction. Although in Fig. 83 the support of the micro-mirror device 148 
is not shown, the product of its height and coefficient of linear expansion in the vertical direction is made equal to those 
of the other supports. 

[0639] As described above, this embodiment is provided with: the two sliding supports 152 and 153 planted on the 
optical base 151 , for slidably supporting all or some of the lenses of the refracting optical lens 1 49; the mounting plates 
154 and 155 fixed to the top of the optical base 151 and the underside of all or some of the lenses of the refracting 
optical lens 149 and disposed between the sliding supports 152 and 153; and the piezoelectric element 156 which is 
held between the mounting plates 154 and 155 and changes its length in the direction of the optical axis 150 with the 
control voltage. Hence, defocusing by a temperature change can be avoided. 

[0640] Further, since the gear support 157 is provided which Is mounted on the optical base 151 and driven by the 
gear mechanism 1 57G to move all or some of the lenses of the refracting optical lens 149 in the direction of the optical 
axis 1 50, defocusing by a temperature change can be avoided. 

[0641] Further, since the heater/cooler 160 is provided for at least one of the optical base 151 and the refracting 
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optica, .ens U9.it* possible suppress the occurrence of temperature gradients in the use environment, preventing 

defocusing. ,K«t« m nnratiirPsensor158forsensingthelens-bareltemperature 
[06421 Further.thisembodimenrisprov.dedwith:^ 

adjustment to prevent defocusing .^mnerature sensor for sensing temperature in the use envi- 

[0643] Further, this embodiment « proved ^^^^22 5 * temperature in the use environment by a 
ronment; and the centre, unit 161 for caicu^ng a ^"J^J^j^^,. T3 at the time of inrtia. focus 
linear interpolation equation having a length [LO^ , of. an , enwon me h adjustment and for 

adjustment and a length [LO^ of an •™™ , 7^ t ^^J^J2n^ Hence, it is possible to establish 
effUing feedback control of me piezoe^^^ 

a one-to-one correspondence between environmental empemtures and f ^ va ^ informa tion from the light that 
[0644] Further, since this embodimen is ^J-^J^^ ^ S unit 1 61 that analyzes the focus 
is incident on the ""J^^JSlS 2£SSS3i!- piezoelectric element 156 or gear mechanism 

ondary information. mi „i fl t„ r p reflector 1 67 by which the light for incidence on the non- 

.ma'ge display device is placed in ^/^j^^^SZ ^focuJinformation. the intensity distribution 
[0646] Further, according to th.s embodlm ^ h ff B 0n I°! "«"cte feedback control in a mannerto maximize the peak 
characteristic profile of the light incident on CCD 168. f^^^SK ' n * e f ° CUS adjUStment 
va.uePeakm of thefts information; hence^de^ 

[0647] Further, according to this embod, "^^^^'JSSoondol in a manner to minimize the full 
characteristic profile of the light incident on CCD 68 i ^ ettecte tee (ocus adjust 

width half maximum FWHMm of the focus information; hence, defocusing can oe retie 

ment , „, tho _ nn troi unit 161 uses as focus information, the intensity distribution 

[0648] ^her.acco/d^ 

characteristic profile of the light incdent on CCD 1 68 I and ^ec« teeo adjustment, 
gradient GRADm of the focus in.ormat.onJ ^Jf^^S^S^^ and the fixing support 169 
[0649] Further, since the sliding supports 152 and .^^^ r ^ f ^^ 9 he ^ hts an d coefficients of linear expansion 
orthe convex mirror 162 are designed to be equal .n the produ ct ol an a 
ss in the vertical direction, it is pos, ible to prevent ^^^^S^f^^m^ro^. the same results 

liquid crystal. 
40 EMBODIMENT 20 

[0651] Fig. 84 schematically illustrates the configuration of a 
cordingtoatwentieth embodiment (Embodiment20)of the present .nvention^ 

"econvexmirror(projec^ 

Kntef.ectingprotr.sion.aisob^ 

the convex mirror 104 in Embodiment 15 or by re f t !™9 * e j^^^^ us 9 ed to adjust the alignment of the 

protmsion 172 protrudes from the front surface of the ™^J^ ™ conve J x mirror 17 0 as depicted 

spending to those in Fig. 84 are identified by the same reference numerals. 
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<ST1 : Adjustment for Alignment of Convex Mirror with Jig Screen> 

m^e/m'J'S » r * e ",'P l!" * " ,r0US '' hote """l* hote l 1 7eH «» m^throu* .round the optical axis 

<ST2: Adjustment for Alignment of Path-Bending Reflector with Convex Mirror> 

ali ? nin9 thS °° nVeX mirr ° r 170 With the j j 9 screen 176 as de P«ted in Fig 86(a) the laser liaht source 

erm.ned position to the reflecting protrusion 1 72. Since the reflecting protrusion 1 72 Z S llrialeZrtZ 
So, ^t'toTJ *h2T "J" * , ** c, "' s P«™*»ln lo nnecud by ft. p Wh *e„dio3 

[0661] At this time, the outgoing and incoming paths of the bundle of parallel ravs via the oath-bendinn rofi^, , a< 
<ST3: Adjustment for Alignment of Lens-Holding Flange by Holed Reflector> 

T h t Surrounc " n9 area of the ,hrou 9h hole 183H forms a reflecting surface P 
E „ 9 ; 88 H ( D a i' bUnd ' e ° f Para " el rayS havin 9 P assed throu 3 n the through hole 1 83H is reflected bv the oath 

[0664] The bundle of rays reflected by the reflecting surface around the through hole 1 83H of the holed reflector 1 83 

r^m^l^TrTT dSteCt0r 1 79 Wh " 6 b6in 9 on the aboveiai bund ^e ofpa alS 

rays. When the adjustment for alignment of the lens-holding flange 182 and the holed reflector im Jnh <Z ? 
m:rror 170 (adjustment of two-axis swing of the ,ens-ho,ding flange 182, i T^C^Z Tn^SZ 
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four-segment split detector 1 79 detect light of equal power. 

<ST4: Mounting of Refracting Optical Lens on Lens-Holding Flange> 

r06651 The holed reflector 1B3 is removed from the lens-holding flange 182 ideally aligned with the .convex : mirror 

split detector 1 79 are also removed (Fig. 89). 

<ST5: Projection of Image of Micro-Mirror Device onto Jig Screen> 

T06661 In Fio 90 a micro-mirror device (transmitting means, image information imparting part) 185 Is disposed I at a 

E iKuX^ Sing (1) tw 9 o in-p.ane axes. (2) one axis about nom- to plane. (3) J^o sw^g axes , nd 
(4)7ne axis moving in direction of normal to plane; (1) and (2) importance for de term.mng ^P'^ 0 ^ °"' ^ d fl 
^Importance for securing .he image formation performance) so tha _ the projected lig ht forms an .mage at 

ISgSEEZSL 1 73), thereby bringing the outgoing and incoming *^^jg£g*^£Z 
rosTOl While in steps ST1 to ST 5 the multincomponent alignment has been descnbed to adjust by mawng wm> sp 

===S=S=3SSSS 

S£l]" k Sincethe abovemethod is to adjustan angle deviation of the reflecting surface, a device capable of measuring 
Embodiment 15. and the method in Embodiment 15 is a.so possible with the convex m.rror 170 ,n Embod.ment 20. 



EMBODIMENT 21 



r06731 Ro 91 illustrates the configuration of an image display device according to a twenty-first embodimenl t (Ern- 
EenAl ) of theTesent invent. For brevity sake, the illumination light source system, the p.ane m.rror and the 



t£Z TnFr 9 1^erence numeral 1 87 denotes a micro-mirror device; 188 denotes *V^TT fi ClSe 
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ZTn^ B tK " mm ° n t0 the re,ractina °P tic al *>* 1 88 and the convex mirror 189; and 191 denotes a lens layer of 
glass or synthetic resin jo.ned to the front surface 1 89F of the convex mirror 189 * 

Lr Jr F l 9 V: ' i9 , 1 ( ° PtiCal ima9e Si9na ° fr0m the micro "'"i"or device 187 and the refracting optical lens 188 is 
refracted f.rst on the plane of incidence/emission 1 91 1+ of the lens layer 1 91 , then passes ^reTough and sWkes 

2nd, 1 «°q C ° nVeX mirr0f 189 ' And the !i 9 ht ref ' ec,ed ° ff the front suZTl 89F the convex 

layer 191 a9ain and re,racted on its p,a - ot 

ESI 1 h7 hat ' S th , 6 light di u rec,ed 10 and ref lec »ed back by the convex mirror 1 89 undergoes an optical action accordina 
0MhrJX 0rm 1 ,Um ^ 

Z£ZTc^T mon and material (refractive index - dispersive power > of tne >-» AtS 

SSL A f h d .! £C , ribed ab °f ' accordin 9 t0 this embodiment, since the front surface 1 89F of the convex mirror 1 89 is 
of incid^l, TOT,! 9 ! • a h Ppropriate selectton s * *. shape, refractive index and dispel poTer of ^elne 

cLlS t pa^ontroT ™ * " *" ^ W Ml » ° f path P^fng InoSEjE 

EMBODIMENT 22 

Thll 81 • d T' ay d6ViCe Cabinet iS 0ften desi 9" e d making effective use of a plurality of slantinq surfaces 

This is intended to make a flattened image display device look flatter. 9 SUrfaces - 

[0679] Fig. 92 shows an outward appearance of a cabinet in which the image display device of each embodiment k 
housed, Figs 92(a), 92(b) and 92(c) being front, side and top plan views, rLpJ^ FntoeZ^^Z^ 

SSSTt nt8 P r °c, the . illUminati ° n li9M S0UrCS SyStem 10 the convex « 'ot shown * ^ 

ccmnJn J"t F, 9f 2 / e,erence ™maral 1 92 den °tes a screen; 1 93 denotes an under-the-screen part in which the optical 

ZZ^E^SSZt 1 94 den ?f a cabinet front portion de,ined b * the SCreen ' 92 — 

sc een i S S'dLnottt ^-h P m ' rr ° r (P ' ane m ' rr ° r 22 ,n Fi9 ' 6 ' see Embodiment 1) placed in parallel to the 
screen 1 92 1 96 denotes a cabinet rear portion in which the plane mirror 1 95 is housed- 1 97U 1 97L and 11 97R dlnot! 

of fhe □ w rVof,^ 9 Widt " ° f the Cabin6t r6ar P0rti0n 1 96 are ^errnined by the he£ nd 
min^ th ; " T CaS6 ' h0WeVer ' the dime nsions of the cabinet rear portion 196 are not Xys bedeS 

mined by the plane mirror 195; when the plane mirror 195 is not used according to the configumtion of th^ imaae 

mS ^S^IIZFS ST* C t bin6t r6ar P ° rti0n 1 96 arS de,6rmined b * the convex mSr the I ke ' 
portion 1 i L c "u;iTh^^ °^ L/- Cab,n ? t rSar P ° rti0n 1 96 Sre Sma " er than the hei 9 ht a " d width of the cablet front 
[0683] The cabinet depicted in F.g. 92 is designed so that three slanting surfaces 197U 197L and 1 97R and the 
1* ih T 1 9 ° SUrr °" nd the space defin * d »nr the large cabinet front portion 194 and the ZSXSESi 
S£c= 

™~ 

^thesTrelnsTsfa 
ErelsS 

[0686] Fig. 93 depicts an outward appearance of the cabinet of the image display device accordina to * tweniv 
second embodiment (Embodiment 22) of the present invention. Figs. 93(a) 93<b and OsSSStoS .£2 

[0687] The cabinet of F,g. 93 ,s characterized by a structure in which comers 194C and 196C of the cabinet front 
the^ 

196V ^lf, ,k ?™ ° m ° ablnet P0rti0n 1 94 (on *» side near » he cabinet rear portion 1 96) and planes 

rn.fi, ^ 6 S ° reen 1 92 0n b ° th Sides of the cabinet re ar portion 1 96 (Fig. 93(c)) 

[0688] This structural feature gives visual impressions that the image display device is particularly flat, and at the 
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a large image in the lateral direction. HMlftt(Mt connectors of L-shaped cross section, which are used to 

surface 196V are have substantially the same area, ana™ ena ibc assembled into a one- 

95 n identified by me n nenner.ls In «. «_np te 1"P™« "W « P Y 

lower image display devices can be arranged with accuracy, fhe connectors 1 99 have 

'provided wtth: the cabinet front portion 194 the plane mirror 195; 

192; the cabinet rear portion 196 d.sposed on the bottorn . paneT 1 J» »™™^ 8 ^ 194 and tne cabinet rear 

devices into a one-piece structure. „„„ no ^ tnr < qo wh ich has the end face 1 99A for connection with 

[0699] Further, according to this embodiment the "nnactor 1 99. ™ display device, the end face 

r^nT,,=r.^rreS 

case of assembling image devices housed in box-shaped and are , ed out of the cabinet 
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[ ° 7 ° 11 ,. ™™ e the ,ore 9°ing embodiments have been described to use micro-mirror device as the soatial linht m«H 
ulator, l.qu.d crystal may a.so be used as the spatial light modulator. In such case, too it te ^tetc ooSn TiZL 
display dev,ce that is flatter than conventional image dispiay devices using liquid cr^stei ' 

= d e^^^^ 



alignment as well. 
INDUSTRIAL APPLICABILITY 



n which h S . 6 ima9e diSP ' ay d6ViCe 0f the P resent invention is citable for an image display system 

DrtoTona MirtiT P * J""" * magnif ied image when 11 is «™9«* to have the same thfcknel as Se 

pnor one, and has a more thinner structure when an image is displayed with the same magnitude iTe prior one 



Claims 



1 . An image display device provided with transmitting means for providing image information to illumination linht anri 
for »ansm,tt,ng the light as an optical image signal and display means' for rLeiving th o^aZTc ^signa S 
for displaying an image based on the image information, said image display device oompnTng: 9 

S" 5 ^' means cor "P°sed of a reflecting part for reflecting the optical image signal, and a refractino 

KKiSSSaSS if said reflectin9 pan has the distortion « ■* - 33 

wherein said display means receives the optical image signal through said projecting optical means. 

2 ' for SIS^ Pr0V ' ded With transmitti "9 means *» Priding image information to illumination light and 

Z 9 9 8 a " ° PtiCal ima9e Si9nal and dis P' a y means for living the optical image signa and 

for displaying an image based on the image information, said image display device composing 9 

rmaSnyST^ "° mp0S t ed , 0f a ref,ectin 9 P art ha ™9 a reflecting surface for reflecting the optica. 
LZLSSX paiT 9 ° P ^ V,ng 8 ^ SUrfaCe " Pr ° jeC,ing ^ ° ptfeal imaQe ^" al 

3. The image display device according to claim 1 , wherein said transmitting means comprises: 

an illumination light source part for emitting illumination light; and 

ILS???!? tyPe ima9e information Priding part for receiving the illumination light emitted from said illumi- 

s ss zra^^sr- image f — to ,he ^ - ~" !=■ 

4. The image display device according to claim 2, wherein said transmitting means comprises: 

an illumination light source part for emitting illumination light- and 

a reflecting type image information providing partfor receiving the illumination light emitted from the illumination 
hght source part and for providing image information to the illumination light and ^ 
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as the optical image signal. 

5 The image display device according to claim 1 , wherein said reflecting part has a rotationally symmetric aspherical 
surface for reflecting the optical image signal transmitted from said transmitting means. 

6 The image display device according to claim 2, wherein said reflecting part has a rotationally symmetric aspherical 
surface for reflecting the optical image signal transmitted from said transmitting means. 

7. The image display device according to claim 1 , wherein said reflecting part is a Fresnel mirror of negative power. 

8. The image display device according to claim 2, wherein said reflecting part is a Fresnel mirror of negative power. 

9. The image display device according to claim 1 , wherein said reflecting part is a Fresnel mirror of negative power. 

10. The image display device according to claim 2, wherein said reflecting part is a Fresnel mirror of negative power. 

11 The image display device according to claim 1 , wherein said reflecting part has a reflecting surface that is formed 
' by a low dispersive medium and a high dispersive medium stacked in the direction in which the optical image s.gna 

sent from said transmitting means passes therethrough, has a negative power and reflects the optical image signal 
having passed through the low and high dispersive media. 

12 The image display device according to claim 2, wherein said reflecting part has a reflecting surface that is formed 
Salldispe^vemetf 

sent from said transmitting means passes therethrough, has a negative power and reflects the optical image signal 
having passed through the low and high dispersive media. 

13 The image display device according to claim 1 , wherein said reflecting surface formed so that its convex curvature 
is large around an optical axis and becomes smaller with approaching to the periphery of the reflectmg surface. 

14 The image display device according to claim 2 , wherein said reflecting surface formed so that its convex curvature 
' is large around an optical axis and becomes smaller with approaching to the periphery of the reflecting surface. 

15 The image display device according to claim 1 , wherein said refracting optical part has an odd-order aspherical 
optical surfaces obtained by adding odd-order terms to a polynomial composed of even-order terms. 

16 The image display device according to claim 2. wherein, said refracting optical part has an odd-order aspherical 
' optical surfaces obtained by adding odd-order terms to a polynomial composed of even-order terms. 

17 The image display device according to claim 1 . wherein said refracting optical part has an odd-order aspherical 
" optical surfaces obtained by adding odd-order terms to a polynomial composed of even-order terms. 

18. The image display device according to claim 2, wherein said reflecting part has an odd-order aspherical surface 
obtained by adding odd-order terms to a polynomial composed of even-order terms. 

19. The image display device according to claim 15, said reflecting part or refracting optical part reflects or ^tracts 
the optical image signal by the reflecting or refracting surface other than around the optical axis of the reflectmg 
or refracting part. 

20 The image display device according to claim 16, wherein said reflecting part or refracting optical part reflects or 
refracts L optical image signal by the reflecting or refracting surface other than around the optica, axis of sa.d 
reflecting or refracting part. 

21 The image display device according to claim 17, wherein said reflecting part or refracting optical part reflects or 
' refracts the optical image signal by the reflecting or refracting surface other than around the ophcal axis of said 

reflecting or refracting part. 

22. The image display device according to claim 18, wherein said reflecting part or refracting optical Pf ^eflecte or 
refracts the optical image signal by the reflecting or refracting surface other than around the optical ax* of sa.d 
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reflecting or refracting part. 



23. The image display device according to claim 1 , wherein said refracting optical part is provided with curvature-of- 
field correcting lenses for canceling a curvature of field of said reflecting part. 

24. The image display device according to claim 2, wherein said refracting optical part is provided with curvature-of- 
field correcting lenses for canceling a curvature of field of said reflecting part. 

25. The image display device according to claim 2, wherein said refracting optical part is provided with positive lenses 
of positive power, negative lenses of negative power having a refractive index lower than that of the positive lens 
and a Petzval's sum correcting lens for correcting a Petzval's sum contributing component of said reflecting part! 

26. The image display device according to claim 23, wherein said refracting optical part is provided with positive lenses 
of positive power, negative lenses of negative power having a refractive index lower than that of the positive lens 
and a Petzval's sum correcting lens for correcting a Petzval's sum contributing component of said reflecting part! 

27. The image display device according to claim 24, wherein said refracting optical part is provided with positive lenses 
of positive power, negative lenses of negative power having a refractive index lower than that of the positive lens 
and a Petzval's sum correcting lens for correcting a Petzval's sum contributing component of said reflecting part! 

28. The image display device according to claim 1 , wherein said projecting optical means has an aspherical optical 
surface at places where principal rays of the optical image signal to be projected onto said reflecting part from said 
transmitting means are divergent and/or convergent. 

29. The image display device according to claim 2, wherein said projecting optical means has an aspherical optical 
surface at places where principal rays of the optical image signal to be projected onto said reflecting part from said 
transmitting means are divergent and/or convergent. 

30. The image display device according to claim 1 , wherein said projecting optical means is provided with path-bending 
means for reflecting means for reflecting the optical image signal from said refracting optical part to said reflecting 
part, the optical axis of said refracting optical part being bent at an appropriate angle in a horizontal plane containing 
the optical axis of said reflecting part. 

31 . The image display device according to claim 2, wherein said projecting optical means is provided with path -bending 
means for reflecting means for reflecting the optical image signal from said refracting optical part to said reflecting 
part, the optical axis of said refracting optical part being bent at an appropriate angle in a horizontal planecontaininq 
the optica! axis of said reflecting part. ^ 

32. The image display device according to claim 1 , wherein said projecting optical means is provided with path-bendinq 
means for reflecting the optical image signal from first lens means to second lens means. 

33. The image display device according to claim 2 , wherein said projecting optical means is provided with path -bending 
means for reflecting the optical image signal from first lens means to second lens means. 

34. The image display device according to claim 1 , wherein said refracting optical part has at least one lens formed 
of synthetic resin. 

35. The image display device according to claim 2, wherein said refracting optical part has at least one lens formed 
of synthetic resin. 

36. The image display device according to claim 1 , wherein said refracting optical part and said reflecting part are 
rotationally symmetric about an optical axis made common to them. 

37. The image display device according to claim 2, wherein said refracting optical part and said reflecting part are 
rotationally symmetric about an optical axis made common to them. 

38. The image display device according to claim 1 , wherein said image display device further-comprises a plane mirror 
for reflecting the optical signal from said projecting optical means to said display means. 
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39 The image display device according to claim 2. wherein said image display device further comprises a plane mirror 
' for reflecting the optical signal from said projecting optical means to said display means. 

40 The image display device according to claim 38, wherein a light receiving surface of said display means and a 
reflecting surface of said plane mirror are held in parallel to each other. 

41 The image display device according to claim 39, wherein a light receiving surface of said display means and a 
reflecting surface of said plane mirror are held in parallel to each other. 

42 The image display image according to claim 1 , wherein said refracting optical part comprises a retro^focus .optical 
lySem composed of a positive lens group of positive power and a negative lens group of negative power. anch 
SngTptical lens for fine-tuning the angle of emission of the optical image signal from the retro-focus optical 
system to the reflecting part. 

« The imaae disolav device according to claim 2, wherein said refracting optical part comprises a retro-focus optical 
43 ' positive .ens group of positive power and a negative lens group of negative power, and a 

refracting optical lens for fine-tuning the angle of emission of the optical image s.gnal from the retro-focus optical 

system to the reflecting part. 

44. The image display device according to claim 42, wherein said retro-focus optical system is composed of one lens 
group and one negative lens group. 

45. The image display device according to claim 43, wherein said retro-focus optical system is composed of one lens 
group and one negative lens group. 

46. The image display device according to claim 42, wherein said retro-focus optical system is composed of one lens 
group and one negative lens group. 

47. The image display device according to claim 43, wherein said retro-focus optical system is composed of one lens 
group and one negative lens group. 

48 The image display device according to claim 23, wherein said refracting optical part comprises negative lenses 
SvinganavSgevalueofrefra^ 

Z££ Saving an average value of refractive indexes in the range of 1 .722 to 1 .9 and havmg posrt.ve power. 

49 The image display device according to claim 24, wherein said refracting optical part comprises negative lenses 
Sving an average value of refractive indexes in the range of 1 .45 to 1 .722 and having negate power^ »£P°*» 
lenses having an average value of refractive indexes in the range of 1 .722 to 1 .9 and havmg posthve power. 

50 The image display device according to claim 25, wherein said refracting optical part comprises negative > lenses 
Svinganaveragevalueofrefra^ 

"enses Saving an average value of refractive indexes in the range of 1 .722 to 1 .9 and havmg posthve power. 

51 The image display means according to claim 26, wherein said refracting optical part comprises negative flenses 
having an averag lvalue of refractive indexes in the range of 1 .45 to ! .722 and having negat.ve power and pos rtlV e 
lenses having an average value of refractive indexes in the range of 1 .722 to 1 .9 and havmg positive power. 

52 The image display device according to claim 27, wherein said refracting optical part comprises negative lenses 
having an average value of refractive indexes in the range of 1 .45 to 

lenses having an average value of refractive indexes in the range of 1 .722 to 1 .9 and havmg posfve power. 

53 The imaae display device according to claim 23, wherein said refracting optical part comprises negative lenses 
Z^^lvZe of Abbe's number in the range of 25 to 38 and having negative power, and posfve ienses 
having an average value of Abbe* number in the range of 38 to 60 and having positive power. 

54. The image display device according to claim 24. wherein said refracting optical part comprises negate lenses 
having an average value of Abbe's number in the range of 25 to 38 and having negative power, and posttive lenses 
having an average value of Abbe's number in the range of 38 to 60 and having positive power. 
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55. The .mage display device according to claim 25, wherein said refracting optical part comprises negative lenses 
having an average value of Abbe's number in the range of 25 to 38 and having negative power, and positive lenses 
having an average value of Abbe's number in the range of 38 to 60 and having positive power. 

56. The image display device according to claim 26, wherein said refracting optical part comprises negative lenses 
having an average value of Abbe's number in the range of 25 to 38 and having negative power, and positive lenses 
having an average value of Abbe's number in the range of 38 to 60 and having positive power. 

57. The image display device according to claim 27, wherein said refracting optical part comprises negative lenses 
having an average value of Abbe's number in the range of 25 to 38 and having negative power, and positive lenses 
having an average value of Abbe's number in the range of 38 to 60 and having positive power. 

58. The image display device according to claim 23, wherein said refracting optical part comprises positive lenses 
made of glass materials and negative lenses made of glass materials, the difference between average refractive 
indexes of the glass materials for the positive and negative lenses is in the range of 0.04 to 1 . 

59. The image display device according to claim 24, wherein said refracting optical part comprises positive lenses 
made of glass materials and negative lenses made of glass materials, the difference between average refractive 
indexes of the glass materials for the positive and negative lenses is in the range of 0.04 to 1 . 

60. The image display device according to claim 25, wherein said refracting optical part comprises positive lenses 
made of glass materials and negative lenses made of glass materials, the difference between average refractive 
indexes of the glass materials for the positive and negative lenses is in the range of 0.04 to 1 . 

61. The image display device according to claim 26, wherein said refracting optical part comprises positive lenses 
made of glass materials and negative lenses made of glass materials, the difference between average refractive 
indexes of the glass materials for the positive and negative lenses is in the range of 0.04 to 1 . 

62. The image display device according to claim 27, wherein said refracting optical part comprises positive lenses 
made of glass materials and negative lenses made of glass materials, the difference between average refractive 
indexes of the glass materials for the positive and negative lenses is in the range of 0.04 to 1 . 

63. The image display device according to claim 23, wherein said retracting optical part comprises positive lenses 
made of glass materials and negative lenses made of glass materials, the difference between average Abbe's 
number of the glass materials for the positive and negative lenses is in the range of 0 to 16. 

64. The image display device according to claim 24, wherein said retracting optical part comprises positive lenses 
made of glass materials and negative lenses made of glass materials, the difference between average Abbe's 
number of the glass materials for the positive and negative lenses is in the range of 0 to 1 6. 

65. The image display device according to claim 25, wherein said retracting optical part comprises positive lenses 
made of glass materials and negative lenses made of glass materials, the difference between average Abbe's 
number of the glass materials for the positive and negative lenses is in the range of 0 to 1 6. 

66. The image display device according to claim 26, wherein said retracting optical part comprises positive lenses 
made of glass materials and negative lenses made of glass materials, the difference between average Abbe's 
number of the glass materials for the positive and negative lenses is in the range of 0 to 16. 

67. The image display device according to claim 27, wherein said retracting optical part comprises positive lenses 
made of glass materials and negative lenses made of glass materials, the difference between average Abbe's 
number of the glass materials for the positive and negative lenses is in the range of 0 to 1 6. 

68. The image display device according to claim 1 , wherein a back focal length from the closest one of a plurality of 
lenses forming the refracting optical part to a light emitting surface of said transmitting means to the light emitting 
surface is equal to the distance from the light emitting surface of said transmitting means to the position of an 
entrance pupil of the refracting optical part. 

69. The image display device according to claim 2, wherein a back focal length from the closest one of a plurality of 
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lenses forming the refracting optical part to a light emitting surface of said Transmitting means to the light emitting 
surface is equal to the distance from the light emitting surface of said transmitting means to the position of an 
entrance pupil of the retracting optical part. 

70. The image display device according to claim 1, wherein said projecting optical means has negative lenses of 
negative power provided at the position of low marginal ray. 

71. The image display device according to claim 2, wherein said projecting optical means has negative lenses of 
negative power provided at the position of low marginal ray. 

72 The image display device according to claim 30, wherein said angle of bending the optical axis of the refracting 
' optical part is set such that the refracting part is as close to a path from the path-bending means to the reflecting 

part as possible without intercepting the optical path. 

73 The image display device according to claim 31 , wherein said angle of bending the optical axis of the refracting 
' optical part is set such that the refracting part is as close to a path from the path-bending means to the reflecting 

part as possible without intercepting the optical path. 

74 The image display device according to claim 32, wherein said angle of bending the optical axi.< of the first lens 
' means is set such that the first lens means is as close to a path from the path-bending mans to the second lens 

means as possible without intercepting the optical path. 

75 The image displey device according to claim 33, wherein said angle of bending the optical axis of the first lens 
" means is set such that the first lens means is as close to a path from the path-bending mans to the second lens 

25 means as possible without intercepting the optical path. 

76 The image display device according to claim 32, wherein the shortest distance from the refracting optical part to 
a reflecting part placement plane is chosen within a range smaller than a thickness limiting value. 

77. An image display device according to claim 33, wherein the shortest distance from the refracting optical part to a 
reflecting part placement plane is chosen within a range smaller than a thickness limiting value. 

78 The image display device according to claim 72, wherein the longer one of the longest distance f.om a reflecting 
' part placement plane to the path-bending means and the longest distance f i om the reflecting pan placement plane 

to the refracting optical part is equal to a thickness limiting value. 

79 The image display device according to claim 73. wherein the longer one of the longest distance from a reflecting 
' part placement plane to the path-bending means and the longest distance from the reflecting pan placement plane 

to the refracting optical part is equal to a thickness limiting value. 

80 The image display device according to claim 74, wherein the longer one ci the longest distance from a reflecting 
* part placement plane to the path-bending means and the longest distance from the reflecting pan placement plane 

to the refracting optical part is equal to a thickness limiting value. 

81 The image display device according to claim 75, wherein the longer one of the longest distance from a reflecting 
' part placement plane to the path-bending means and the longest distance from the reflecting part placement plane 

to the refracting optical part is equal to a thickness limiting value. 

82 The image display device according to claim 72, wherein the longest distance from a reflecting part placement 
so plane to said path-bending means and the longest distance from the reflecti ng part placement plane to the reflecting 

optical part are equal to each other. 

83 The image display device according to claim 73, wherein the longest distance from a reflecting part placement 
' plane to said path-bending means and the longest distance from the reflecting part placement plane to the reflecting 

ss optical part are equal to each other. 

84 The image display device according to claim 74. wherein the longest distance from a reflecting part placement 
' plane to the path-bending means and the longest distance from the reflecting part placement plane to the reflecting 
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optical part are equal to each other. 

85. The image display device according to claim 75, wherein the longest distance from a reflecting pert placement 
plane to the path-bending means and the longest distance from the reflecting part placement plane to the reflecting 
optical part are equal to each other. 

86. The image display device according to claim 72, wherein said path-bending means has a shape obtained by re- 
moving a non-transmitting portion that does not transmit the optical image signal. 

87. The image display device according to claim 73, wherein said path-bending means has a shape obtained by re- 
moving a non-transmitting portion that does not transmit the optical image signal. 

88. The image display device according to claim 74, wherein said path bending means has a shape obtained by 
removing a non-transmitting portion that does not transmit the optical image signal. 

89. The image display device according to claim 75, wherein said path-bending means has a shape obtained by re- 
moving a non-transmitting portion that does not transmit the optical image signal. 

90. The image display device according to claim 76, wherein said path-bending means has a shape obtained by re- 
moving a non-transmitting portion that does not transmit the optical image signal. 

91. The image display device according to claim 77, wherein said path-bending means has a shape obtained by re- 
moving a non-transmitting portion that does not transmit the optical image signal. 

92. The image display device according to claim 78, wherein said path-bending means has a shape obtained by re- 
moving a non-transmitting portion that does not transmit the optical image signal. 

93. The image display device according to claim 79, wherein said path-bending means has a shape obtained by re- 
moving a non-transmitting portion that does not transmit the optical image signal. 

94. The image display device according to claim 80, wherein said path-bending means has a shape obtained by re- 
moving a non-transmitting portion that does not transmit the optical image signal. 

95. The image display device according to claim 81 , wherein said path-bending means has a shape obtained by re- 
moving a non-transmitting portion that does not transmit the optical image signal. 

96. The image display device according to claim 82, wherein said path-bending means has a shape obtained by re- 
moving a non-transmitting portion that does not transmit the optical image signal. 

97. The image display device according to claim 83, wherein said path-bending means has a shape obtained by re- 
moving a non-transmitting portion that does not transmit the optical image signal. 

98. The image display device according to claim 84, wherein said path-bending means has a shape obtained by re- 
moving a non-transmitting portion that does not transmit the optical image signal. 

99. The image display device according to claim 85, wherein said path-bending means a shape obtained by removing 
a non-transmitting portion that does not transmit the optical image signal. 

100 . The image display device according to claim 1 , wherein said reflecting part has a shape obtained by removing a 
non-reflecting portion that does not reflect the optical image signal to said display means. 

101 .The image display device according to claim 2, wherein said reflecting part has a shape obtained by removing a 
non-reflecting portion that does not reflect the optical image signal to said display means. 

102. The image display device according to claim 1, wherein said image display device furthercomprises a retaining 
mechanism for retaining the refracting optical part and the reflecting part as a one-piece structure. 

103. The image display device according to claim 2, wherein said image display device further comprises a retaining 



64 



EP 1 203 977 A1 



mechanism for retaining the refracting optical part and the reflecting part as a one-piece structure. 

104 The image display device according to claim 30, wherein said image display device further comprises a retaining 
mechanism for retaining the refracting optical part, said path-bending means and the reflecting part as a one-piece 
structure. 

105 The image display device according to claim 31 , wherein said image display device further comprises a retaining 
mechanism for retaining the refracting optical part, said path-bending means and the reflecting part as a one-piece 
structure. 

106 The image display device according to claim 32, wherein said image display device further comprises a retaining 
mechanism for retaining the refracting optical part, said path-bending means and the reflecting part as a one-piece 
structure. 

107 The image display device according to claim 33, wherein said image display device further comprises a retaining 
mechanism for retaining the refracting optical part, said path-bending means and the reflecting part as a one-piece 
structure. 

108. The image display device according to claim 1 , wherein said refracting optical part has positive lenses of positive 
power provided at the position of high marginal ray. 

109. The image display device according to claim 2, wherein said refracting optical part has positive lenses of positive 
power provided at the position of high marginal ray. 

110 The image display device according to claim 1 , wherein letting hi represent the height of the marginal ray of light 
'incident to the refracting optical part, hm the maximum height of the marginal ray in a positive lens disposed at 
the center of the refracting optical part and ho represent the height of the marginal ray of light emitted from the 
refracting optical part, the refracting optical part satisfy the relationships 1 .05hi<hm<3hi and 0.3hi<ho<1 hi. 

1 1 1 The image display device according to claim 2, wherein letting hi represent the height of the marginal ray of light 
incident to the refracting optical part, hm the maximum height of the marginal ray In a positive lens disposed at 
the center of the refracting optical part and ho represent the height of the marginal ray of light emitted from the 
refracting optical part, the refracting optical part satisfy the relationships 1 .05hi<hm<3hi and 0.3hi<ho<1 hi. 

112 The image display device according to claim 1 , wherein said projecting optical means has poor optical performance 
in an unused area around its optical axis but has high image formation performance in an area to be used other 
than that around the optical axis. 

113 The image display device according to claim 2, wherein said projecting optical means has poor optical performance 
in an unused area around its optical axis but has high image formation performance In an area to be used other 
than that around the optical axis. 

114 The image display device according to claim 112, wherein said projecting optical means is adapted so that an 
image-forming position at the center of the optical axis and an image-forming position around the optical axis are 
not in the same plane. 

115 The image display device according to claim 113, wherein said projecting optical means is adapted so that an 
image-forming position at the center of the optical axis and an image-forming position around the optical axis are 
not in the same plane. 

116. The image display device according to claim 112, wherein said projecting optical means allows distortion in the 
vicinity of the center of the optical axis to increase the image formation performance of the area to be used. 

117. The image display device according to claim 113, wherein said projecting optical means allows distortion in the 
vicinity of the center of the optical axis to increase the image formation performance of the area to be used. 

118. The image display device according to claim 114, wherein said projecting optical means allows distortion in the 
vicinity of the center of the optical axis to increase the image formation performance of the area to be used. 
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119. The image display device according to claim 115, wherein said projecting optical means allows distortion in the 
vicinity of the center of the optical axis to increase the image formation performance of the area to be used. 

120. The image display device according to claim 112, wherein said projecting means limits the range of degradation 
of the optical performance to the range of the field angle related only to the base of a screen. 

121 .The image display device according to claim 113, wherein said projecting means limits the range of degradation 
of the optical performance to the range of the field angle related only to the base of a screen. 

122. The image display device according to claim 114, wherein said projecting means limits the range of degradation 
of the optical performance to the range of the field angle related only to the base of a screen. 

123. The image display device according to claim 115, wherein said projecting means limits the range of degradation 
of the optical performance to the range of the field angle related only to the base of a screen. 

124. The image display device according to claim 116, wherein said projecting means limits the range of degradation 
of the optical performance to the range of the field angle related only to the base of a screen. 

125. The image display device according to claim 117, wherein said projecting means limits the range of degradation 
of the optical performance to the range of the field angle related only to the base of a screen. 

126. The image display device according to claim 118, wherein said projecting means limits the range of degradation 
of the optical performance to the range of the field angle related only to the base of a screen. 

127. The image display device according to claim 119, wherein said projecting means limits the range of degradation 
of the optical performance to the range of the field angle related only to the base of a screen. 

1 28. The image display device according to claim 1 1 6, wherein a plane mirror for reflecting the light from said projecting 
optical means to said display means has a shape that corrects for distortion of said projecting optical means. 

1 29. The image display device according to claim 1 1 7, wherein a plane mirror for reflecting the light from said projecting 
optical means to said display means has a shape that corrects for distortion of said projecting optical means. 

1 30. The image display device according to claim 118, wherein a plane mirror for reflecting the light from said projecting 
optical means to said display means has a shape that corrects for distortion of said projecting optical means. 

1 31 .The image display device according to claim 1 1 9, wherein a plane mirror for reflecting the light from said projecting 
optical means to said display means has a shape that corrects for distortion of said projecting optical means. 

1 32. The image display device according to claim 1 20, wherein a plane mirror for reflecting the light from said projecting 
optical means to said display means has a shape that corrects for distortion of said projecting optical means. 

1 33. The image display device according to claim 1 21 , wherein a plane mirror for reflecting the light from said projecting 
optical means to said display means has a shape that corrects for distortion of said projecting optical means. 

1 34. The image display device according to claim 1 22, wherein a plane mirror for reflecting the light from said projecting 
optical means to said display means has a shape that corrects for distortion of said projecting optical means. 

1 35. The image display device according to claim 1 23, wherein a plane mirror for reflecting the light from said projecting 
optical means to said display means has a shape that corrects for distortion of said projecting optical means. 

136. The image display device according to claim 124, wherein a plane mirror for reflecting the light from said projecting 
optical means to said display means has a shape that corrects for distortion of said projecting optical means. 

1 37. The image display device according to claim 1 25, wherein a plane mirror for reflecting the light from said projecting 
optical means to said display means has a shape that corrects for distortion of said projecting optical means. 

1 38. The image display device according to claim 1 26, wherein a plane mirror for reflecting the light from said projecting 
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optical means to said display means has a shape that corrects for distortion of said projecting optical means. 

139 The image display device according to claim 127, wherein a plane mirrorfor reflecting the light from said projecting 
optical means to said display means has a shape that corrects for distortion of said projecting ophcal means. 

140 The image display device according to claim 1 , wherein said refracting optical part has a construction in which an 
"c-xit pupil of light emitted toward the central area of the reflecting part around the optical axis thereof and an exit 
pupil of light emitted with approaching to the peripheral area of the reflecting part are spaced apart to thereby 
adjust the position and angle of incidence of the emitted light toward the reflecting part. 

141 The image display device according to claim 2, wherein said refracting optical part has a construction in which an 
exit pupil of light emitted toward the central area of the reflecting part around the optical axis thereof and an exit 
pupil of light emitted toward the peripheral area of the reflecting part are spaced apart to thereby adjust the posrt.on 
and angle of incidence of the emitted light toward the reflecting part. 

142. The image display device according to claim 1, wherein said reflecting part has a uniform thickness from ilts front 
surface as a reflecting surface for reflecting the optical image signal to the rear surface provided behind the front 
surface. 

143. The image display device according to claim 2, wherein said reflecting part has a uniform thickness f rom its front 
surface as a reflecting surface for reflecting the optical image signal to the rear surface provided behind the front 
surface. 

144 The image display device according to claim 1 , wherein said reflecting part has a planar low-reflectivity surface 
provided on a non-projecting front surface about the optical axis of the reflecting part and a planar high-reflecthrity 
surface smaller in area than the low-reflectivity surface and provided in the low-reflectivity surface about the optical 

axis. 

145.The image display device according to claim 2, wherein said reflecting part has a planar ^ refl «^ 

provided on a non-projecting front surface about the optical axis of the reflecting part and a planar high-reflechvity 
« urf ace smaller in area than the low-reflectivity surface and provided in the low-reflectivity surface about the optical 



axis. 



146 The image display device according to claim 1 , wherein said transmitting means is provided with a cover glass for 
protecting an image information light emitting surface and a compensator glass of an optical thickness that de- 
creases or increases as a change in the optical thickness of the cover glass increases or decreases, sa.d trans- 
mitting means emitting the image information light to the refracting optical part through the cover glass and the 
compensator glass. 

147 The image display device according to claim 2, wherein said transmitting means is provided with a cover glass for 
protecting an image information light emitting surface and a compenastor glass of an optical thickness that de- 
creases or increases as a change in the optical thickness of the cover glass increases or decreases, sa.d trans- 
mitting means emitting the image information light to the refracting optical part through the cover glass and the 
compensator glass. 

148 The image display device according to claim 146. wherein said refracting optical part is provided with means for 
detachably mounting the compensator glass on the side of incidence of the illumination light from said transmitting 
means, a compensator glass of the optimum thickness can be used deal with thickness changes and vanations 
of the cover glass. 

149 The image display device according to claim 147. wherein said refracting optical part is provided with means for 
detachably mou nting the compensator glass on the side of incidence of the illumination light from said transmrtt.ng 
means, a compensator glass of the optimum thickness can be used deal with thickness changes and vanations 
of the cover glass. 

150.The image display device according to claim 40, wherein said image display device further comprises a bottom 
perpendicular to the reflecting surface of the plane mirror and the light receiving surface of sa.d display means, 
and an optical compensator is disposed in a space defined by segments joining; a first point present on the basis 
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of a square image displayed on said display means and the farthest from the center of the image; a second point 
on the plane mirror to which light toward the first point is reflected; a third point on the reflecting part to which light 
toward the second point is reflected; a first projected point by projecting the first point to the bottom from the 
direction normal to the bottom; a second projected point by projecting the second point to the bottom fiom the 
direction normal to the bottom; a third projected point by projecting the third point from the direction normal to the 
bottom. 



151.The image display device according to claim 41, wherein said image display device further comprises a bottom 
perpendicular to the reflecting surface of the piane mirror and the light receiving surface of said display means, 
and an optical compensator is disposed in a space defined by segments joining; a first point present on the basis 
of a square image displayed on said display means and the farthest from the center of the image; a second point 
on the plane mirror to which light toward the first point is reflected; a third point on the reflecting part to which light 
toward the second point is reflected; a first projected point by projecting the first point to the bottom from the 
direction normal to the bottom; a second projected point by projecting the second point to the bottom from the 
direction normal to the bottom; a third projected point by projecting the third point from the direction normal to the 
bottom. 



152. The image display device according to claim 150, said transmitting means comprises: a converging optical system 
principal part composed of: an illumination light source part for emitting illumination light; a color wheel for coloring 
emitted light from the illumination light source part in three primary colors one after another; a rod integrator for 
receiving the illumination light from the illumination light source part and for emitting illumination light of 

a uniform illuminance distribution from a light emitting surface; and a relay lens for relaying the illumination light 
from the rod integrator; a field lens for directing principal rays of the illumination light from the relay lens to the 
same direction; and a reflecting type image information providing part for providing image information to the illu- 
mination light from the field lens, the converging optical system principal part being disposed as the optical com- 
ponent in the space, and being further provided with second and third path-bending means for reflecting the illu- 
mination light from the converging optical system principal part to the field lens. 

153. The image display device according to claim 151, said transmitting means comprises: a converging optical system 
principal part composed of: an illumination light source part for emitting illumination light; a color wheel for coloring 
emitted light from the illumination light source part in three primary colors one after another; a rod integrator for 
receiving the illumination light from the illumination light source part and for emitting illumination light of a uniform 
illuminance distribution from a light emitting surface; and a relay lens for relaying the illumination light from the rod 
integrator; a field lens for directing principal rays of the illumination light from the relay lens to the same direction; 
and a reflecting type image information providing part for providing image information to the illumination light from 
the field lens, the converging optical system principal part being disposed as the optical component in the space, 
and being further provided with second and third path-bending means for reflecting the illumination light from the 
converging optical system principal part to the field lens. 

154. The image display means according to claim 152, wherein the optical axis of the converging optrcalsystem principal 
part is parallel to the light receiving surface of said display means and the bottom. 

1 55. The image display means according to claim 1 53, wherein the optical axis of the converging optical system principal 
part is parallel to the light receiving surface of said display means and the bottom. 

156. The image display device according to claim 1 52, wherein the optical axis of the converging optical system principal 
part is parallel to the light receiving surface of said display means and is tilted so that the intersection point of the 
illumination light source part and the optical axis is higher than the intersection point of the relay lens and the 
optical axis in the vertical direction. 



The image display device according to claim 1 53, wherein the optical axis of the converging optical system principal 
part is parallel to the light receiving surface of said display means and is tilted so that the intersection point of the 
illumination light source part and the optical axis is higher than the intersection point of the relay lens and the 
optical axis in the vertical direction. 



t.The image display device according to claim 1 56, wherein said transmitting means is provided with an adjustment 
table for mounting the converging optical system principal part and the field lens, the adjustment table having a 
hole for receiving the third path-bending means. 
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159.The image display device according to claim 157, wherein said transmitting means is provided with an adjustment 
table for mounting the converging optical system principal part and the field lens, the adjustment table having a 
hole for receiving the third path-bending means. 

5 160.The image display device according to claim 152, wherein at least one of said second and third path-bending 
means has a curved optical surface. 

161 .The image display device according to claim 153, wherein at least one of said second and third path-bending 
means has a curved optical surface. 

10 

162. The image display device according to claim 1 , wherein said reflecting part is made of synthetic resin. 

163. The image display device according to claim 2, wherein said reflecting part is made of synthetic resin. 



is 1 64.The image display device according to claim 1 62, wherein the reflecting part is rectangular in front configuration 
viewed from the direction of its optical axis, a nonreflecting portion of the reflecting part that does not reflect the 
optical image signal to said display means being removed, the reflecting part being provided with: a first screwing 
part provided on the lower side of the rectangular front configuration close to but spaced a predetermined eccentric 
distance apart from the optical axis of the reflecting part and pivotaily secured to a first reflecting part mounting 

20 mechanism; a second screwing part provided on another side of the rectangular front configuration and slidably 

held on a second reflecting part mounting mechanism; and a third screwing part provided still another side of the 
rectangular front configuration and slidably secured to a third reflecting part mounting mechanism. 

165. The image display device according to claim 1 63, wherein the reflecting part is rectangular in front configuration 
25 viewed from the direction of its optical axis, a nonreflecting portion of the reflecting part that does not reflect the 

optical image signal to said display means being removed, the reflecting part being provided with: a first screwing 
part provided on the lower side of the rectangular front configuration close to but spaced a predetermined eccentric 
distance apart from the optical axis of the reflecting part and pivotaily secured to a first reflecting part mounting 
mechanism; a second screwing part provided on another side of the rectangular front configuration and slidably 
30 held on a second reflecting part mounting mechanism; and a third screwing part provided still another side of the 

rectangular front configuration and slidably secured to a third reflecting part mounting mechanism. 

166. The image display device according to claim 164, wherein said first reflecting part mounting mechanism and said 
first screwing part are screwed together by a taper screw and each have a screw hole conforming to a tapered 

35 portion of the taper screw. 



167. The image display device according to claim 165, wherein said first reflecting part mounting mechanism and said 
first screwing part are screwed together by a taper screw and each have a screw hole conforming to a tapered 
portion of the taper screw. 

40 

168. The image display device according to claim 162, wherein said reflecting part is rectangular in front configuration 
viewed from the direction of its optical axis, a nonreflecting portion of the reflecting part that does not reflect the 
optical image signal to said display means being removed, the reflecting part being provided with: a recess provided 
on the lower side of the rectangular front configuration close to but spaced a predetermined eccentric distance 

45 apart from the optical axis of the reflecting part; a cylindrical support for engagement with the recess; two springs 

fixed at one end to the reflecting part on both sides of the recess, for biasing the reflecting part; a second screwing 
part provided on another side of the rectangular front configuration and slidably held on a second reflecting part 
mounting mechanism; and a third screwing part provided still another side of the rectangular front configuration 
and slidably secured to a third reflecting part mounting mechanism. 

50 

169. The image display device according to claim 163, wherein said reflecting part is rectangular in front configuration 
viewed from the direction of its optical axis, a nonreflecting portion of the reflecting part that does not reflect the 
optical image signal to said display means being removed, the reflecting part being provided with: a recess provided 
on the lower side of the rectangular front configuration close to but spaced a predetermined eccentric distance 

55 apart from the optical axis of the reflecting part; a cylindrical support for engagement with the recess; two springs 

fixed at one end to the reflecting part on both sides of the recess, for biasing the reflecting part; a second screwing 
part provided on another side of the rectangular front configuration and slidably held on a second reflecting part 
mounting mechanism; and a third screwing part provided still another side of the rectangular front configuration 
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and slidably secured to a third reflecting part mounting mechanism. 

170.The image display device according to claim 162, wherein said reflecting part is rectangular in front configuration 
viewed from the direction of its optical axis, a nonreflecting portion of the reflecting part that does not reflect the 
optical image signal to the display means being removed, the reflecting part being provided with: protrusion pro- 
vided on the lower side of the rectangular front configuration close to but spaced a predetermined eccentric distance 
apart from the optical axis of the reflecting part; a V-grooved support having a V-shaped groove for engagement 
with the protrusion; two springs fixed at one end to the reflecting part on both sides of the protrusion, for biasing 
the reflecting part; a second screwing part provided on another side of the rectangular front configuration and 
slidably held on a second reflecting part mounting mechanism; and a third screwing part provided still another side 
of the rectangular front configuration and slidably secured to a third reflecting part mounting mechanism. 

171 .The image display device according to claim 163, wherein said reflecting part is rectangular in front configuration 
viewed from the direction of its optical axis, a nonreflecting portion of the reflecting part that does not reflect the 
optical image signal to the display means being removed, the reflecting part being provided with: protrusion pro- 
vided on the lowerside of the rectangular front configuration close to but spaced a predetermined eccentric distance 
apart from the optical axis of the reflecting part; a V-grooved support having a V-shaped groove for engagement 
with the protrusion; two springs fixed at one end to the reflecting part on both sides of the protrusion, for biasing 
the reflecting part; a second screwing part provided on another side of the rectangular front configuration and 
slidably held on a second reflecting part mounting mechanism; and a third screwing part provided still another side 
of the rectangular front configuration and slidably secured to a third reflecting part mounting mechanism. 

172. The image display device according to claim 164, wherein said reflecting part is provided with two springs fixed 
at one end to the reflecting part on both sides of the first screwing part and at the other end to a common point, 
for biasing the reflecting part. 

173. The image display device according to claim 165, wherein said reflecting part is provided with two springs fixed 
at one end to the reflecting part on both sides of the first screwing part and at the other end to a common point, 
for biasing the reflecting part. 

174. The image display device according to claim 164, wherein said first, second and third screwing parts hold the 
reflecting part with its reflecting front surface in contact with the first, second and third reflecting part mounting 
mechanisms. 

175. The image display device according to claim 165, wherein said first, second and third screwing parts hold the 
reflecting part with its reflecting front surface in contact with the first, second and third reflecting part mounting 
mechanisms. 

176. The image display device according to claim 1 02, wherein said image display device further com prises: two sliding 
supports mounted on the retaining mechanism, for slidably supporting all or some of lenses of the refracting optical 
part; a first mounting plate disposed between the two sliding support and fixed to the retaining mechanism; a 
second mounting plate disposed between the two sliding supports and fixed to the lower ends of all or some of 
the lenses of the refracting optical part; and a piezoelectric element held between the first and second mounting 
plates and expanding or contracting in the direction of the optical axis of the refracting optical part as a control 
voltage applied to the piezoelectric element increases or decreases. 

177. The image display device according to claim 103, wherein said image display device further comprises: two sliding 
supports mounted on the retaining mechanism, for slidably supporting all or some of lenses of the refracting optical 
part; a first mounting plate disposed between the two sliding support and fixed to the retaining mechanism; a 
second mounting plate disposed between the two sliding supports and fixed to the lower ends of all or some of 
the lenses of the refracting optical part; and a piezoelectric element held between the first and second mounting 
plates and expanding or contracting in the direction of the optical axis of the refracting optical part as a control 
voltage applied to the piezoelectric element increases or decreases. 

178. The image display device according to claim 102, wherein said image display device further comprises a gear 
mechanism supported on a gear support provided on the retaining mechanism, for moving the reflecting part, or 
all or some of lenses of the refracting optical part in the direction of the optical axis of the refracting optical part in 
the direction of the optical axis of the refracting optical part. 
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179. The image display device according to claim 103, wherein said image display device further comprises a gear 
mechanism supported on a gear support provided on the retaining mechanism, for moving the reflecting part, or 
all or some of lenses of the refracting optical part in the direction of the optical axis of the refracting optical part in 
the direction ot the optical axis of the refracting optical part. 

180. The image display device according to claim 102, wherein said image display device further comprises a heater/ 
cooler for heating/cooling at least one of the refracting optical part held on the retaining mechanism and the retaining 
mechanisms. 

181 .The image display device according to claim 103, wherein said image display device further comprises a heater/ 
coolerforheating/cooling at least one of the refracting optical part held on the retaining mechanism and the retaining 
mechanisms. 

182. The image display device according to claim 1 76, wherein said image display device further comprises: a temper- 
ature sensor for sensing a lens-barrel temperature of the refracting optical part; a temperature sensor for sensing 
the internal temperature of the retaining mechanism; and a control part for controlling at least one of the piezoe- 
lectric element, the gear mechanism and the heater/cooler according to a focus-compensation amount calculated 
from the lens-barrel temperature and the internal temperature. 

183. The image display device according to claim 1 77, wherein said image display device further comprises: a temper- 
ature sensor for sensing a lens-barrel temperature of the refracting optical part; a temperature sensor for sensing 
the internal temperature of the retaining mechanism; and a control part for controlling at least one of the piezoe- 
lectric element, the gear mechanism and the heater/cooler according to a focus-compensation amount calculated 
from the lens-barrel temperature and the internal temperature. 

184. The image display device according to claim 178, wherein said image display device further comprises: a temper- 
ature sensor for sensing a lens-barrel temperature of the refracting optical part; a temperature sensor for sensing 
the internal temperature of the retaining mechanism; and a control part for controlling at least one of the piezoe- 
lectric element, the gear mechanism and the heater/cooler according to a focus-compensation amount calculated 
from the lens-barrel temperature and the internal temperature. 

1 85. The image display device according to claim 1 79, wherein said image display device further comprises: a temper- 
ature sensor for sensing a lens-barrel temperature of the refracting optical part; a temperature sensor for sensing 
the internal temperature of the retaining mechanism; and a control part for controlling at least one of the piezoe- 
lectric element, the gear mechanism and the heater/cooler according to a focus-compensation amount calculated 
from the lens-barrel temperature and the internal temperature. 

186. The image display device according to claim 1 80, wherein said image display device further comprises: a temper- 
ature sensor for sensing a lens-barrel temperature of the refracting optical part; a temperature sensor for sensing 
the internal temperature of the retaining mechanism; and a control part for controlling at least one of the piezoe- 
lectric element, the gear mechanism and the heater/cooler according to a focus-compensation amount calculated 
from the lens-barrel temperature and the internal temperature. 

1 87. The image display device according to claim 181, wherein said image display device further comprises: a temper- 
ature sensor for sensing an environmental temperature; and a control unit for controlling at least one of the pie- 
zoelectric element, the gear mechanism and the heater/cooler according to a focus-compensation amount calcu- 
lated by adding the environmental temperature to a linear interpolation equation derived from at least two different 
focus adjustment points. 

1 88. The image display device according to claim 1 76, wherein said image display device further comprises: a temper- 
ature sensor for sensing an environmental temperature; and a control unit for controlling at least one of the pie- 
zoelectric element, the gear mechanism and the heater/cooler according to a focus-compensation amount calcu- 
lated by adding the environmental temperature to a linear interpolation equation derived from at least two different 
focus adjustment points. 

189. The image display device according to claim 1 77 wherein said image display device further comprises: a temper- 
ature sensor for sensing an environmental temperature; and a control unit for controlling at least one of the pie- 
zoelectric element, the gear mechanism and the heater/cooler according to a focus-compensation amount calcu- 
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lated by adding the environmental temperature to a linear interpolation equation derived from at least two different 
focus adjustment points. 

190.The image display device according to claim 178, wherein said image display device furtheroomprises: a temper- 
ature sensor for sensing an environmental temperature; and a control unit for controlling at least one of the pie- 
zoelectric element, the gear mechanism and the heater/cooler according to a focus-compensation amount calcu- 
lated by adding the environmental temperature to a linear interpolation equation derived from at least two different 
focus adjustment points. 

191 .The image display device according to claim 179, wherein said image display device further comprises: a temper- 
ature sensor for sensing an environmental temperature; and a control unit for controlling at least one of the pie- 
zoelectric element, the gear mechanism and the heater/cooler according to a focus-compensation amount calcu- 
lated by adding the environmental temperature to a linear interpolation equation derived from at least two different 
focus adjustment points. 

192. The image display device according to claim 1 80, wherein said image display device further comprises: a temper- 
ature sensor for sensing an environmental temperature; and a control unit for -controlling at least one of the pie- 
zoelectric element, the gear mechanism and the heater/cooler according to a focus-compensation amount calcu- 
lated by adding the environmental temperature to a linear interpolation equation derived from at least two different 
focus adjustment points. 

1 93. The image display device according to claim 1 81 , wherein said image display device furthercomprises: a temper- 
ature sensor for sensing an environmental temperature; and a control unit for controlling at least one of the pie- 
zoelectric element, the gear mechanism and the heater/cooler according to a focus-compensation amount calcu- 
lated by adding the environmental temperature to a linear interpolation equation derived from at least two different 
focus adjustment points. 

194. The image display device according to claim 176, wherein said image display device further comprises: a CCD 
for detecting focus information from light to be incident to a non-image-display area of the display means; and a 
control unit for controlling at least one of the piezoelectric element, the gear mechanism and the heater/cooler 
according to the result of analysis of the focus information. 

195. The image display device according to claim 177, wherein said image display device further comprises: a CCD 
for detecting focus information from light to be incident to a non-image-display area of the display means; and a 
control unit for controlling at least one of the piezoelectric element, the gear mechanism and the heater/cooler 
according to the result of analysis of the focus information. 

196. The image display device according to claim 1 78, wherein said image display device further comprises: a CCD 
for detecting focus information from light to be incident to a non-image-display area of the display means; and a 
control unit for controlling at least one of the piezoelectric element, the gear mechanism and the heater/cooler 
according to the result of analysis of the focus information. 

197. The image display device according to claim 179, wherein said image display device further comprises: aCCD 
for detecting focus information from light to be incident to a non-image-display area of the display means; and a 
control unit for controlling at least one of the piezoelectric element, the gear mechanism and the heater/cooler 
according to the result of analysis of the focus information. 

198. The image display device according to claim 180, wherein said image display device further comprises: a CCD 
for detecting focus information from light to be incident to a non-image-display area of the display means; and a 
control unit for controlling at least one of the piezoelectric element, the gear mechanism and the heater/cooler 
according to the result of analysis of the focus information. 

199. The image display device according to claim 181, wherein said image display device further comprises: a CCD 
for detecting focus information from light to be incident to a non-image-display area of the display means; and a 
control unit for controlling at least one of the piezoelectric element, the gear mechanism and the heater/cooler 
according to the result of analysis of the focus information. 

200. The image display device according to claim 1 94, wherein said image display device furthercomprises a miniature 
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reflector for reflecting to the CCD the light to be incident to the non-image-display ere of the display means. 

201 .The image display device according to claim 1 95, wherein said image display device further comprises a miniature 
reflector for reflecting to the CCD the light to be incident to the non-image-display are of the display means. 

5 

202. The image display device according to claim 1 96, wherein said image display device further comprises a miniature 
reflector for reflecting to the CCD the light to be incident to the non-image-display are of the display means. 

203. The image display device according to claim 197, wherein said image display device further comprises a miniature 
10 reflector for reflecting to the CCD the light to be incident to the non-image-display are of the display means. 

204. The image display device according to claim 1 98, wherein said image display device further comprises a miniature 
reflector for reflecting to the CCD the light to be incident to the non-image-display are of the display means. 

is 205.The image display device according to claim 1 99, wherein said image display device further comprises a miniature 
reflector for reflecting to the CCD the light to be incident to the non-image-display are of the display means. 

206. The image display device according to claim 194, wherein said control unit regards the intensity distribution of the 
light received by the CCD as focus information, analyzes the width of a predetermined level of the focus information 

20 and effects control to decrease the width of the predetermined level. 

207. The image display device according to claim 1 95, wherein said control unit regards the intensity distribution of the 
light received by the CCD as focus information, analyzes the width of a predetermined level of the focus information 
and effects control to decrease the width of the predetermined level. 

25 

208. The image display device according to claim 1 96, wherein said control unit regards the intensity distribution of the 
light received by the CCD as focus information, analyzes the width of a predetermined level of the focus information 
and effects control to decrease the width of the predetermined level. 

30 209.The image display device according to claim 1 97, wherein said control unit regards the intensity distribution of the 
light received by the CCD as focus information, analyzes the width of a predetermined level of the focus information 
and effects control to decrease the width of the predetermined level. 

210.The image display device according to claim 198, wherein said control unit regards the intensity distribution of the 
35 % light received by the CCD as focus information, analyzes the width of a predetermined level of the focus inf ormation 

and effects control to decrease the width of the predetermined level. 

211 .The image display device according to claim 199, wherein said control unit regards the intensity distribution of the 
light received by the CCD as focus information, analyzes the width of a predetermined level of the focus information 
40 and effects control to decrease the width of the predetermined level. 

212.The image display device according to claim 194, wherein said control unit regards the intensity distribution of the 
light received by the CCD as focus information, analyzes the width of a predetermined level of the focus information 
and effects control to decrease the width of the predetermined level. 

45 

213The image display device according to claim 195, wherein said control unit regards the intensity distribution of the 
light received by the CCD as focus information, analyzes the width of a predetermined level of the focus information 
and effects control to decrease the width of the predetermined level. 

so 214.The image display device according to claim 1 96, wherein said control unit regards the intensity distribution of the 
light received by the CCD as focus information, analyzes the width of a predetermined lever of the focus information 
and effects control to decrease the width of the predetermined level. 

21 5. The image display device according to claim 1 97, wherein said control unit regards the intensity distribution of the 
55 light received by the CCD as focus information, analyzes the width of a predetermined level of the focus information 

and effects control to decrease the width of the predetermined level. 

21 6. The image display device according to claim 1 98, wherein said control unit regards the intensity distribution of the 
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light received by the CCD as focus information, analyzes the width of a predetermined level of the focus information 
and effects control to decrease the width of the predetermined level. 

217.The image display device according to claim 199, wherein said control unit regards the intensity distribution of the 
light received by the CCD as focus information, analyzes the width of a predetermined level of the focus information 
and effects control to decrease the width of the predetermined level. 

218 The image display device according to claim 194, wherein said control unit regards the intensity distribution of the 
light received by the CCD as focus information, analyzes the width of a predetermined level of the focus information 
and effects control to decrease the width of the predetermined level. 

21 9 The image display device according to claim 1 95. wherein said control unit regards the intensity distribution of the 
light received by the CCD as focus information, analyzes the width of a predetermined level of the focus information 
and effects control to decrease the width of the predetermined level. 

220 The image display device according to claim 1 96, wherein said control unit regards the intensity distribution of the 
light received by the CCD as focus information, analyzes the width of a predetermined level of the focus information 
and effects control to decrease the width of the predetermined level. 

221 The image display device according to claim 1 97, wherein said control unit regards the intensity distribution of the 
light received by the CCD as focus information, analyzes the width of a predetermined level of the focus information 
and effects control to decrease the width of the predetermined level. 

222 The image display device according to claim 198, wherein said control unit regards the intensity distribution of the 
light received by the CCD as focus information, analyzes the width of a predetermined level of the focus information 
and effects control to decrease the width of the predetermined level. 

223-The image display device according to claim 1 99, wherein said control unit regards the intensity distribution of the 
light received by the CCD as focus information, analyzes the width of a predetermined level of the focus information 
and effects control to decrease the width of the predetermined level. 

224.The image display device according to claim 102, wherein said retaining mechanism is provided with a plurality 
of supports for supporting the refracting optical part and the reflecting part, the plurality of supports having the 
same product of their height and coefficient of linear expansion. 

225 The image display device according to claim 1 03, wherein said control unit regards the intensity distribution of the 
light received by the CCD as focus information, analyzes the width of a predetermined level of the focus information 
and effects control to decrease the width of the predetermined level. 

226. The image display device according to claim 1 44, wherein said reflecting part has a high- or low-reflectivity surface 
or a reflecting protrusion or reflecting recess that is high-reflectivity over the entire area of its reflecting surface. ' 

227. The image display device according to claim 1 45, wherein said reflecting part has a high- or low-reflectivity surface 
or a reflecting protrusion or reflecting recess that is high-reflectivity over the entire area of its reflecting surface ' 

228. The image display device according to claim 1, wherein said reflecting part has a lens layer covering its front 
surface for reflecting the optical image signal. a 

229 The image display device according to claim 2, wherein wherein said reflecting part has a lens layer covering its 
front surface for reflecting the optical image signal. 

230.An image display device comprising: a cabinet front portion provided on the bottom of acabinet and having display 
means; a cabinet rear portion provided on the bottom; and upper slanting surface, a left-hand slanting surface and 
right-hand slanting surface provided between the cabinet front portion and the cabinet rear portion and defining a 
housing space together with the bottom, the left- and right-hand slanting surfaces leaving left- and right-hand 
parallel surfaces parallel to the display means on the back of the cabinet front portion and predetermined surface 
perpendicular to the display means on both side of the cabinet rear portion. 
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231 .The image display device according to claim 230, wherein said image display device further comprises a connector 
having a first end face for connection with either one of the left- and right-hand parallel surfaces, a second end 
face for connection to that one of the perpendicular surfaces on the same side of the either one of the parallel 
surfaces, and a connection face parallel to the second end face, the connection surface being coupled to a con- 
5 nection face of another connector. 

232. The image display device according to claim 231 , wherein said connector has the same height as that of the image 
display device and is provided with a third end face perpendicular to the first and second end faces, for connection 
to the another connector. 

10 

233. The image display device according to claim 230, wherein air and heat are discharged or cables are extended out 
of the cabinet through the upper, left- and right-hand slanting surfaces. 

234. A method of adjustment for correct alignment: between a refracting optical part rotationally formed about an optical 
15 axis for exerting a lens action on light and a reflecting part rotationally formed about said optical axis for reflecting 

said light and having a plcanar high-reflectivity surface, provided around said optical axis, said method comprising 
the steps of: 

applying rectilinearly propagating light to said reflecting part and adjusting the attitude of said reflecting part 
20 so that the outgoing path of said rectilinearly propagating light for incidence to said high- reflectivity surface of 

said reflecting part and the incoming path of said rectilinearly propagating light reflected by said high-reflectivity 
surface come into alignment with each other; and 

applying the rectilinearly propagating light on said outgoing path to said high -reflectivity surface of said reflect- 
ing part through said refracting optical part, emitting from said refracting optical part the rectilinearly propa- 
25 gating light on said incoming path reflected by said high-reflectivity surface and adjusting the attitude of said 

refiacting optical part to maximize the power of said rectilinearly propagating light emitted from said refracting 
optical part. 

235. A method of adjustment for correct alignment between: an illumination light source part for emitting Illumination 
30 light; an image information providing part for providing image information to said illumination light and emitting an 

optical image signal; a refracting optical part rotationally formed about an optical axis, for exerting a lens action 
on said optical image signal; path-bending reflector for reflecting said optical image signal from said refracting 
optical signal; a reflecting part rotationally formed about said optical axis, for reflecting said optical image signal 
from said path-bending reflector, said reflector having a planar high-reflectivity surface provided around said optical 
35 axis; and jig display means for receiving said optical image signal from said reflecting part to display an image, 

said jig display means having a first through hole made in alignment with said optical axis; said method comprising 
the steps of: 

reflecting a bundle of parallel rays , applied perpendicu larly to said jig display means and having passed through 
40 said first through hole, by said high-reflectivity surface of said reflecting part to bring outgoing and incoming 

paths of said bundle of parallel rays into alignment between said high reflectivity surface and said first through 
hole; 

reflecting a bundle of parallel rays about an ideal optical axis of said refracting optical part by said path-bending 
reflector to said high-reflectivity surface to bring outgoing and incoming paths of said bundle of parallel rays 

45 into alignment between said high -reflectivity surface and said path-bending reflector; 

mounting, on a lens-holding flange, a holed reflector having a second through hole made in alignment with 
the optical axis of said refracting optical part, and reflecting a bundle of parallel rays about an ideal optical 
axis of said refracting optical part by said path-bending reflector to said high-reflectivity reflector through said 
second through hole, by which the direction of travel of said bundle of parallel ray reflected by said holed 

so reflector and the direction of travel of said bundle of parallel rays on an incoming path reflected by said high- 

reflectivity surface to said path -ben ding reflector are brought into coincidence with each other; 
removing said holed reflector from said lens-holding flange and placing said refracting optical part on said 
lens-holding flange instead; and 

placing said illumination light source part and said image information providing part at predetermined positions, 
55 rendering said illumination light from said illumination light source part by said image information providing 

part to said optical image signal, and applying said optical image signal via said refracting optical part, said 
path-bending reflector and said reflecting part to said jig display means to form an image of said optical image 
signal on said jig display means at a normal position. 
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